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EXECUTIVE SUMMARY

The. research reported here was performed for the USA Human

Engineering Laboratory, Aberdeen, Maryland, under Contract No.
DAADO05-73-C-0518,

The study was prompted by the need to provide certain Army per-
sonnel with a more effective personal defense weapon (PDW)., The
Caliber , 45 Automatic Pistol M1911Al is their current PDW, This
study is corceived as the first of a series of studies to investigate
variables that affect the man-weapon system performance, Certain
weapon variables, including recoil, blast and center of gravity, were
held constant (i, e., were not tested) in this study at the instructions
of the USA Human Engineering Laboratory, This was done so that the
effects of specified non-firing parameters of PDW design could be
investigated free of the confounding or masking effects of variables such
as those listed above,

The primary objective of this study was the acquisition of experi-
mental data describing how human performaince with a personal defense
weapon is affected by: target size (range), target presentation character-
istics, weapon configuration and human capabilities and limitations. A
secondary objective was the development, fabrication and installation of
an equipment system capable of supporting data collection requirements,

The experiment was designed to obtain data concerning the effects of
target, weapon and human performance variables on aiming and {iring
efficiency with a weapon having the basic configuration of a Caliber .45
Automatic Pistol M1911A1,

Equipment was developed to provide for testing various levels of
trigger pull force, trigger slack, grip angle, target range, target motion
and target exposure time, Another variable tested in this study was 1«
versus 2-hand hold, One combination of trigger pull force, trigger slack
and grip angle was identical to the characteristics of the Caliber .45 Auto-
matic Pistol M1911Al and served as our baseline configuration. A sample
of 16 subjects was tested on these variables to determine their effect on
aim dispersion, percent hits, hit frequency and time to first shot.

Results indicate that the baseline configuration having a short, light
trigger pull with a moderate grip angle using the 2-hand hold produces
the most efficlent effects for the weapon under investigation, Target vari-
ables, while indicating a variety of significant effects, did not, in general,
complicate these conclusions,

It is suggested that other variables such as center of gravity and
trigger design, as well as intermediate levels of the variables investi-
gated in this study be further investigated to determine more accurately
their impact on firing efficiency,

xi
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L INTRODUCTION

A. General

The research reported here was supported by the U. S. Army Human
Engineering Laboratory, Aberdeen, Maryland, under Contract
No. DAAG 05-73-C-0518. Mr, James P. Torre, Jr., of U, S. Army

Human Engineering Laboratory served as Contract Technical Super-

visor for this research program.

B. Background

[

l

»

| .
% Authorities in the U. S, Army believe that there is a continuing re- ]
, quirement for a personal defense weapon for military parsonnel in close

\ combat situations who, because of their duties, cannot or do not normally

! carry a rifle. The present standard Army personal defense weapon (PDW)

is the Caliber .45 Automatic Pistol M1911A1 which was adopted in 1926,

While this weapon has many fine characteristics of serviceability, scldiers

have difficulty with it in achieving hits. As a consequence, the Army has

initiated a number of programs aimed at the development of a. more satis-

factory PDW. The research reported here is numbered among these

various development programs.

The current technical approaches to the development of the PDW have
been primarily aimed at the provision of multiple projectiles per trigger
pull to obtain higher hit probabilities and to design the weapon to allow the
natural or instinctive pointing capabilities of shooters to be utilized to the

fullest extent. Other investigators have looked at the problem from a point i
of view of training shooters in better firing techniques. Fundamental
changes are taking place in the training methods and field firing techniques




for hand guns, Although it was long recogniced in law enforcement
circles that it was very rare in a close combat situation that there was
tisne available for the offhand stance, eye-level hold, single-action de-
livered fire of the target range, this was the method that was long taught,
In recent years strong efforts have been undertaken to teach '"combat'
hand-gun shooting. For example, the Royal Canadian Mounted Police are
trained to fire their service revolver double-action only, using 2-hand
hold either at hip level for short rangzs (cut to ten meters) or at eye-level
for ranges to 25 meters, The only single-action fir.e, still two hands, is
reserved for beyond 25 meters., This type of firing is far removed from
the target range where the objective is to obtain small groups of shots |

correctly placed on a target for high numerical scores.

One aspect of the problem of PDW design requiring further investiga-
tion is the interaction effects of shonters' capabilities with weapon char-
acteristics and combat environments, Such endeavors fall into the category
of human engincering, an approach which has been applied frequently to
the development of simple and complex weapon systems. At present, sub-
stantive human engineering data on various non-firing parameters of PDW
design are lacking, since thelr effects on performance are often masked
or confounded by the effects of more potent firing variables operating in
actual firing sitvations. Therefore, laboratory studies in which various
firing parameters can be controlled are required to provide information
on performance effects of certain design variables which are not easily
measurcd in the field. Many variables can affect human performance in
PDW shooting and all of these variables cannot be studied with one research
project, Figure 1 is a list of some of the experimental variables that are
relative to the study of human performance with PDWs, Therefore, a
series of studies (each more definitive) will be required before human
engineering data can have its full impact on PDW design, This study is

the first of those and consequently treats only the more fundamental

issues of human performance related to PDW shooting,




Target Siye

Target Presentation
Characteristics

Weapon
Configuration

Human
Porformance
Requirements

Range
5-50 meters

Aspects
Front
Side

Exposure Time
1-10 seconds

Stationary
Standing
Kneeling
Crouch
Prone

Moving
Running
Up-right
Crouching

Walking
Up-right
Crouching

Direction
Laterally
Right vs, Left
Approaching
Receding
Changing

Amount of Exposure
Entire body
Part of body
{(Use of cover)

Type of Operation
"Automatic'
YRevolver"
"Saw Handle"

Grips
Angles
Shapes
Modifications for
hold

Weight
Mass Diastribution

Trigger Design
Slack
Pull Distance
Force

Sights
Conventional
Rib
Optical

Impulse

Noise

Method of Operation
One hand
Two hand

Firing Position
Stationary
Standing
Kneeling
Prone

Moving
Walking
Running

Sighting
Caonventivnal
Rib
Optical

Figure 1, List of Sorne Experimental Variables and Subvariables Relevant to
the Study of Human Performance with Personal Defense Weapons.
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C. Project Objectives

Since this study is planned as the first of a series, its objectives

are both technology and equipment oriented. Theze objectives are
listed below:

. Primary objective: The acquisition of experimental data
which describes how human performance with PDWs is
affected by the following variables
- Target size (range)

- Target presentation characteristics
-  Weapon configuration
-  Human capabllities and limitation

. Secondary objective: The development, fabrication and
installation of an appropriate system of equipment and instru-
ments to support the data collection requirements of this study

and to the extent possible, the requirements of future studies,

D, Scope of Study

The number of variables suggested in Figure 1 is so large that it is
uneconomical and inefficient to attempt to examine all variables simul-

taneously under one contract. ‘Lherefore, this study is limited to the

investigation of only the few levels of variables listed in C above.
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II. CONDUCT OF THE RESEARCH PROGRAM

A, General

This project was accomplished as a team effort involving personnel
from threc companies: Dunlap and Aesociates, Inc,, Darien, Connecticut;
Reflectone, Inc.,, Stamford, Connecticut (a subsidiary of Dunlap and
Associates, Inc. ); and Bellmore-Johnson Tool Company, Hamden, Connec-
ticut, Dunlap and Associates served as the prime contractor and was re-
sponsible for the cverall effort and specifically the research design, data
collection and anzlysis. Responsibility for the test apparatus laid jointly
with Reflectone, Inc. and Bellmore-Johnson Tool Company, Bellmore-
Johnson was responsible for providing the PDW test devices and certain
other hardware items. Reflectone, Inc., was responsible for the design
of the electronics and control systems and the integration of the entire

sysztem of instrumentation,

B, Project Tasks

To complste this study, five major tasks had to be accomplished,

These were:
. Develop test plans
. Design and fabricate test equipment
. Data collection
. Data reduction and statistical analysis

. Prepare final report

These tasks are quite similar to those of any other experimental research;
however, to accomnplish these tasks, rmany subtasks had to be completed.

The subtasks are listed here to give the reader a feel for the number and

variety of tasks involved in such a project. More importantly, however,




this listing is intended to benafit those ressarchers who may wish to.
undertake similar programs, Figure 3 is a list of the subtasks re-
quired to complete the study, This list is organized under the headings
of the five primary project tasks listed above, However, the order in
whicli the subtasks appear does not necessarily reflect the order in

which they were accomplished.
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1II, RESEARCH PLAN

A, General

The research plan for this project was designed to obtain, with maximum
economy, reliaole and accurate data concerning the possible effects of spe-
cified target, weapon and human performance variables on aiming and firing
efficiency with a weapon having the basic configuration of a Caliber .45 Autn-
matic Pistol M1911ALl, This section is limited in scope to the description of
the software aspects of planning, A description of equipment, facilities,

procedures and protocols will follow this chapter,

B. Independent Variables

The broad scope of variables that could be topics for this investigation
has already been suggested in Figure 1 (Chapter I, D.), For rcasons of
economy the investigation in this study is limited to the seven variables
identified in the original statement of work, and has further restricted to
two or three the number of levels of cach of the variables to be studied,
These restrictions are necessary from a point of view of economy, time and
manageability of raw data, Table 1 shows the seven independent vari-
ables chesen and the several levels of cach that were investigated in this

study.

The apparent wide ranges in the values selected for levels of variables
is deliberate. Since only two levels were planned for six of the variables,
it was reasoned that wide differcnces in values would enhance the
sensitivity of the experiment and, therefore, indicate the direction addi-

tional research might take if refinement appeared warranted.

For convenience, hercafter, we will refer to the trigger slack of
0.03 inches and 0.47 inches as the short pull and long pull conditions,

respectively, In a similar manner, we will refer to the trigger pull forces




-

Table 1. Indeperndent Variables and the values of their several levels.

AN e

i Independent
1 Variables Levels of Variables
'¥.
) *
i Trigger Slack . 03" . 47"
A
Trigger Pull Force 5 lbs. 12 1bs,
! Grip Angle Moderate | Extreme
o ¥ °
17.5 30
I- Target Size (Range) 10 meters | 25 meters 40 meters
: Target Motion Stationary | Moving
155t. /sec.
i
i Target Exposure Time 2 sec. 4 sec,
One/Two Hand Hold One Hand Two Hands

*
i Actual values for the Caliber .45 Automatic Pistol M1911Al,




of five pounds and twelve pounds as the light pull and heavy pull, re-
spectively, Actually, because a trigger assembly must have both a
slack and a pull force, references in the text will describe a trigger
assembly in terms of both variables, e.g., an assembly having a
short (0, 03 inches) pull and a heavy (twelve pounds) pull force will be

referred to as a short, heavy pull,

It should be notcd that the Army desircs comparative data on the
test weapons used here and the Caliber .45 Automatic M1911A1, Bec-
cause of this requirement, the basic configuration, weight and balance
of the M1911A1 has been used as the ''model” for our test wcapons, and
those aspects of the M1911A1 have been held constant across all experi
mental conditions, From Table 1 it is clear that three of the independuent
variables; trigger slack, trigger pull force, and grip angle, are concerned
with weapon configuration, The variable levels marked in Table 1 by
asterisks are the values representative of the Caliber .45 Automatic
Pistol M1911Al. Thus, wec arc able to obtain bascline data on the
MI1911Al for comparison against other weapon coafigurations, The value
for trigger slack of 0,03 inches is within allowable tolerances for new weapons
as they come off the assembly line, The value for trigger pull force of
five pounds was obtained from Field Manual FM23-35 (1960). The value
of the grip angle of 17. 5 degrecs was obtained by measuring an actual weapon.
The angle reported here is defined as the acute angle formed by the forward
edge of the grip and a line perpendicular to the center line of the barrcl.
For convenicnce, hereafter, the grip angle representing the M1911A1
will be referred to as the moderate grip angle. This extreme grip angle

represents the typical angle of the Luger pistol.

-10-




Three levels of target size or range were selected to represent target
engagements at near, medium and long ranges. The near range value of
10 meters was chosen because space limitations of our laboratory prevented
simulation of moving targets at ranges as closc as 5 meters, The 25 meter
and 40 meter values were selected aa being convenient and representative

of mid and long-range situations.

The value of 15 feet per second for the moving target condition is a
speed equivalent to a 6 -minute mile rate and is considered representative

of speeds men might attain over rough terrain,

The values of two and four seconds for target exposure time were
selected because anecdotal evidence existing in the open literature for

close combat or pistol confrontation leads us to believe these are realistic

exposure times,

The 1+ and 2-hand holds were specified as independent variables in
the contract,

C. Measures of Performance

The performance measures or dependent variables obtained for each

trial in this study include the following:

. Number of hits per trial

. Percent hits per trial

. Time to first shot fired

. Time to first hit

. Horizontal aim dispersion (standard deviation)

. Vertical aim dispersion (standard deviation)

-11-




m— T T T T T

D. Subjects
1. General

‘The contract specified that test subjects be males between the
ages of 17 and 34 years and have binocular vision of 20/40 or better, with
or without correction, Further, the subjects should be able to perform a
perceptual motor skill to a criterion level. For this study it was felt that
the subje~ts should generally fit the description of U.S, Army recruits in
terme of age, race, education and anthopometric dimensions, The source

reference used for the demographic characteristics of i'... U, S, Army recruits

was White and Churchill (1971). Subjects werc recruited from local area
colleges, high schools, volunteer fire departments and C, 7. E, programs,
Visual acuity, and a visual choice reaction timc test were administered to

candidate subjects and personal and demographic data were also obtained. %

2. Description of the Subject Sample

There were 16 test subjects in this study, This sam le size is
congidered sufficient to meet the requirements of the experimental design,
Nineteen candidates were screened of which 16 completed the experimental
program, Of the remaining three, two failed to meet the visual acuity
standard and were dismissed. The remaining candidate was screened and

trained but failed to report for his experiment sesczion and was, therefore,

dropped from the sample.

~12-~




Subject motivation was obtained through a monetary stipend of $50.

This fee was paid to subjects who completed a training and orientation

scssion and two experiment sessions. The total time spend by each subject
5 in both training and testing varied from eig':it to ten hours, reflecting some
% variation in procedural efficiency, Sume subjects had to return for a fourth
session to rerun some trials where data were lost either through camera

malfunctions or procedural errors, In these cases subjects were paid $5

per hour, Most of the rerun sessions lasted 20 minutes or less and the
i
y subjects were paid $5 for their trouble., One subject's rerun session re-
f
i quired approxiraately one and one-halt hours, and he was paid $10.
r In general, the average U,S, Army recruit and typical basic
] trainee can be described as being 20,8 years old, is white (14.6 per-

cent are Negro), is a high aschool graduate, is 68,71 inches tall and
weighs 159,1 pounds with a hand length of 7,49 inches and whose hand
breadth is 3.5 inches, Tablec 2 ir a tabulation of the demorraphic

characteristics of the sample ¢~ subjecis used in this study.

3 From Table 2 it can be seen that our sample of subjects, while
not strictly representative of the ..rmy population, is ~crtainly similar
with respect to age, ethnic balance, and level of edacation. Physically,
A our subjects are bigger and heaview than vecruits, The 1mean height

| and weight of the sample represents appioximately the 78th percentile
of recruits. The subjects also have lar e hands, equivaleut to the

75th percentile on length and 87th per- e'.tile on width., While oux
subjects are physically larger than the population described by White

and Churchill (1971), the differences are probably not as great as
they may appear on the surface. White and Churchill, when (cinparing
data from surveys taken in 1946 and 1966, notcd it=: while there were

small increases in average body dimensions, there were upward shifts
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in pevcentile valuss for body dimensions. White and Churchill go on to say

E that these shifts are noticeabls particularly in the higher percentile valuess

: at the upper end of the distribution of body dimensions in the Army population.
For example, in 1946, 5 percent of the population were taller than 72. 6 inches
in height, while in 1966, 7 percent of the population were taller than 72. 6
inches. Thus, each generation seerns to produce more ''big'' men than the
previous generation. Our sample of subjects drawn in 1974 is eight to nine
years younger than the sample surveyed by White and Churchill in 1966.

Thus, while our sample of subjects is large compared to Army recruits in

- A —— e =

1966, they are probably not quite as large percentilewise if we could com-
pare them to a sample of 1974 recruits.

E. Experimental Design

1. Taxget Conditions . f

Twelve target conditions werc defined for this study, represent-
ing all possible combinations of target variable levels (3 ranges by 2
exposure times by 2 motion conditions). These 12 target conditions are
described and represented by the last 12 columns in Figure 4, which de-
picts the entire matrix of experimental variables in this study.

Variations in target size simulated a standard E-type silhouette 1
target at distances of 10, 25 and 40 meters. Unage size and vertical
placement on the screen were determined in accordance with what a
astanding man of average height would see if an E-type (40-inch high) tar-

get were placed at the above distances on a level field.

For each simulated target distance, both stationary and moving

target conditions were presented. The stationary mode consisted of the

appearance of the target at any of three preset fixed positions. One of
these was the center of the subject's field of vision on the horizontal plane,

one 30° left of center and the third 30° right of center. The position at

-15=-




[ which the target occurred on a given trial was random with the restriction

: that within any given test session (containing six stationary presentations)
targets appeared twice at each of the three fixed positions. The moving
target presentation mode consisted of a target moving either from left to
right or from right to left across the screen at a simulated constant rate of
15 feet per second for the specified exposure interval. For each moving
target condition a vertical bar of green light was projected at one of a number
of possible positions, indicating to the subject the point at which the target
image would disappear. Images appeared to the left or right of the light bar

E {with equal probability) at distancees determined by the simulated motion and

exposure interval specified for the particular target condition. The target
traveled toward the light bar at the specified rate until it tou&hed, where-
upon it disappeared. This served to inform the subject as to how much time
| was available for him to score hits. It should be noted that under stationary

target conditions no such cues to exposure time were available,

Every target condition described above was presented at each
of two levels of exposure time--2 seconds and 4 seconds. This results in
12 distinct target presentation trials, all of which were presented to the

subject in any single experimental session, with presentation order being

randomized for each session,

2. Weapon and Human Performance Characteriatics

Each session involved a different combination of weapon and
human performance characteristics. As shown by Figure 4, all possible

combinations of the following variables were tested:

P

. Two grip angles

. Two levels of trigger slack
Two levels of trigger pull force . “

. One versus two-hand hold f

-16-
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3. Running Sequence and Statistical Design

Each of the subjects participated in 16 experimental sessions,
each session representing all (12) possible combinations of target variables
(columns in Figure 4), the different sessions defining all (16) poesible
combinations of weapon configuration and human performance variablos
(rows in Figure 4) 2s defined above. Each subject, then, was run through
a total of 192 unique trial conditions. This design and procedure was
compatible with an eight-way classification analysis of variance design
(mixod model, subjects the random factor), repeat measures on seven
factors, with 127 testable variance components. Subjecis served as their
own controls by running through all experimental conditions, thus sliminat-
ing individual differences as a factor in the error variance. To minimize
any possibility that transfer effects might confound the results, order of
presentation of target conditions was randomized for cach experimental

session, and the order of weapon and human performance variable com-

binations (experimental sessions) wero randomized for each subject.




IV. EQUIPMENT AND FACILITIES

A. General .

The secondary objective of the project is the design and fabrication
of a system of equipment which will not only meet the needs of this study,
but also the needs of possibie second and third generation studies, Generally
speaking, the characteristics of equipment systems for any experimental
study are usually determined by the satudy objective and the requirements
of the experimental design. While this is true, in general, for the present
study, certain limitations of our laboratory facilities have constrained our
approach to the development of the equipment system ultimately used in this
study. These limitations and their impact are among those topics discussed
in this chapter. Because of the complexity of the equipment system employed
in this study, it is considered desirable to devote an entire chapter to the

topic. The chapter discusses in some detail the following areas:

Requirements of the equipment system

Design constraints related to the geometry of the labcratory

Design and function of the equipment system and subsystems

B, Requirements of the Equipment System

The first requirement of equipment for an experiment is to pro-
vide a capability to generata and/or measure the various independent
and dependent variables of interest to the investigators. The inde-
pendant variables for the present study were preosented in Table 1,
and include several levels of trigger slack, trigger pull, grip angle,
target range, target motion and target exposure time. The system

must provide these and also be capable of prrviding accurate and

reliable data on the dependent variables (performance measures)




of intereat (see Chapter III, C), These measures of performance
require the capability of measuring to the nearest one-half mil

where the test weapon was pointed at intervals of 0.2 seconds through-
out the trial, Also, the system must be capable of measuring the
time of each trigger pull during the trial to the nearest one-tenth
second. Finally, the system must be capable of distinguishing "'hits"

from "misses. '

L addition to the above-maentioned capabilities, the squipment

system for this study should possess, to some degres, the following
characteristics:

. The test weapon (PDW) should physically resemble a
real weapon in termas of size, weight, balance, operating
characteriatics and configuration.

. The system should be capable of producing test situations
that resemblc those conditions that could occur in close

combat,

Regarding realistic test situations, for example, targets should appear
at different placas in the fleld of view and'movlng targets should move
at speeds one might expect {rom real targete, Also, target exposure
time should be re'atively short as in the case of the real situation,
Further, the equipment should be designed such that test subjects re-
celve no feedback as to their aim error, a condition that prevails in

close combat except when a hit is scored,

Two factors affected the nature of the equipment system developed

for this project. First, the design specified that the test weapon (PDW)

-20~




could not fire a projectile, and that recoil and noise would be

treated as controlled variables, and their levels minimized across
all levels of experimental variables. A second factor was the
physical dimensions of the laboratory space available for the
experiments. The laboratory room, mecasuring 16 feet by 20 feet,
wis the largest available space for the experiments, and that factox
combined with the requirements for moving targets at ranges varying
from 10 to 40 meters had to be considered in choosing from among
alternative design approaches, These factors led to a number of
design features in our system to guarantee a level of precision in

measurement appropriate to this type of research,

C. Design and Function of Equipment

l. General

This section proviles an overvisw of the equipment and
materials used in the conduct of the experiments. The detalled
characteristics of the equipment are provided in Appendix 1, For

convenience of presentation, the equipment has been classified into |
the following six subsystems,

. PDW test weapon subsystem

. Stimulus presentation subsystem
. Data racording subsystem

. Control unit subsystem

. Data reduction subsystem

. Ancillary equipment and materials




2. PDW Test Weapon Subsystem

The test weapon was designed and fabricated by Bellmora-

Johnson Tool Company, Hamden, Connecticut. The design was such that a
total of eight different configurations could be obtained through the use

of interchangable components, Common to all configurations was the

slide which contained the sight system and the barrel and lens assembly.
Two frames and four trigger assemblies complete the hardware necessary
to obtain the eight different conliurations (see Table 1), To the casual
observer the primary difference in the configurations lies in the two
different grip angles of the frames. The frame with the moderate grip
angle (17, 59) is the frame of a Caliber .45 M1911A1. The second frame

is also from a Caliber .45 M1911A1 but has been modified to have an
extreme grip angle of 30°, The latter simulates the grip angle of a Luger
pistol, Figures 5, 6, 7, and 8 show both the right and left side views of ‘
the two grip angle configurations., From the photographs it is evident

that the configurations closely resemble the Caliber .45 M1911A1, The
weight and center of gravity of both configurations (moderate grip angle

and extreme grip angle) closely resemble the M1911Al1. The test weapon
fires a continuous beam of IR light and produces no recoil or report. The
light beam is focused to a diameter of 0.08 inches at the screen, When
pholographed with IR sensitive movie {ilm the light beam appears as either
a round spot or a trace depending upon the amount of weapon movement

at the instant of recording, When the trigger is pulled the time of firing is
recorded by a timer/printer and at the same time an amplifier emits a
"pop' as a signal to the shooter that he has 'fired.' This ""pop,' a short
burst of static, is easily detectable but in no way approaches the loudness of
a weapon report. The design does not limit the number of rounds fired during
a test trial,

3. Stimulus Presentation Subsystem

Stimuli, or targets, are prescnted by projecting them on a curved

w22~
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Figure 5. Rigat Side of PDW with Moderate Grip Angle




Figure 6. Left Side of PDW with Moderate Grip Angle
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screen with a slide projector. Target movement is obtained by mounting
the slide projactor on a motor driven turntabie (see Figure 9), Three
different targnat slides were used to simulate target ranges of 10, 25, and
40 meters. The shape of the targets is shown in Figure 10 (background).
A Control Unit (deseribed below) controls the various stimulus pre-
sentation functions such as target exposure time, speeds of moving
targets, etc. There is also a '"Shooting Table' on which is mounted a
pair of ""Bar Light'' projectors (see Figure 10), The primary function of
the Shooting Table is to hide the slide projector and turntable position
from the view of the test subjects to prevent them from receiving any cues as
to the nature of the trial they ars about to perform. The '"Bar Light'
projectors are used only during trials in which there is a moving target,
Their only function is to project a vertical bar of light approximately 3/4
inches wide and 30 inches high at the screen. The bar of light indicates

to the subject the terninal position of the moving target. When the lead-
ing edge of the moving target touches the bar of light, the target and bar
of light are extinguished. Thus, the bar of light simulates a point of cover
to which the target is "running, "

4. Data Recording Subsystem

Data recording is accomplished through the meaus of a movie
camera with IR sensitive film and a timer/printer to record the time of
each trigger pull, The movie camera is mounted on the Turntable beside
the slide projector (seec Figure 9) and nimed to photograph the area of the

screen covered by the slide projector. The relationship of the camera

and slide projector remains constant th.rouyhiout all conditions., The timer/
printer is located on the Experimenter's Control Desk and is shown in
Figure 11,
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Figure 10. General View of Shooting Table with Bar Light Projecters
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To aid in correlating the timer/printer records with the film
record, a '"Shot Pulse'' LED was utilized. From Figure 9, it can be seen
that the LLED is mounted on a boom in front of the camera and in the cam-
era's field of view. The LED looks at the camera and, when the trigger is
pulled, emits IR light for a period of 0. 04 seconds. This produces a
large black "Cannonball' (shot pulse) in the lower\ right corner of the film
frame in which the trigger was pulled. Figure 12 |hov;ru the nature and
location of the cannonball (shot pulse) as it appears to the film analyst.

5. Control Unit Subaystem

The overall control of test trials, including presentation of
stimuli and data recording, is accomplished through three items of equip-
ment located on the Experimenter's Control Desk. These items are the

Master Contre! Unit, the Target Speed Regulator and the Target Selector
(see Figure 11),

The Target Selector is simply a remote control unit for the slide
projector and its carousel and permits the remote selection of the desired
target slide, The Target Speed Regulator controls the motor that drives
the Turntable. Because we are simulating three target ranges on the

screen, three different apeeds are necessary, one for each target range.

The Master Control Unit has the following functions or capabilities:
.  Master Control Unit - power ON/OFF

. Turntable position - starting position of the target on the
screen

. Target exposure time - length of trial (2-4 secs)

. Target movement - moving or statlonary

. Direction of target movement - right or left




. Start trial
. Reset

[

6., Data Reduction Subsystem

The raw data collected during the experirment were recorded on
16 mm movie film, and the paper tape produced by the timer/printer,
These data had to be correlated, reduced and sormehow arranged in a
manageable form for statistical analysis. By employing a 16 mm film
analysis projector and a '"sonic digitizer' (supplied by U.S, Army HEL),
the aiming and shot data from the movie film were translated into numerical
ccordinates (by the digitizer) which were recorded simultaneousiy via tele-
typewriter on printout paper and punched paper tape. Data from the timer/
printer were manually correlated with shot coordinates and inserted on the
punched paper tape by means of the teletypewriter. The raw data now on
the punched paper tape were ready for final reduction and statistical analysis
by a computer., Final reduction involved the definitions of the dependent

variables used in the analyses which are discussed in Chapter VI, B. 1.

A team of two analysts was required to operate the equipment and
reduce the data, One analyst sat at the digitizer screen and, with a
digitizer stylus, input X Y coordinate data to the digitizer's teletypewriter.
Figure 12 (posed) shows an analyst working at the digitizer screen, Note
that in Figure 12 one can sece the images of both a large target and a shot
pulse signal [rom the Shot Pulse LED. The imaga contrast in Figure 12
is much poorer than the actual contrast obtained during analysis. The
other analyst (see Figure 13 - Posed) controlled the projector with a remote
control unit, and with the teletypewriter manually entered identification

and time data into the punched paper tape,

7. Ancillary Equipment and Materials

During the conduct of the experiments, several functions had to
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Figure 13. Analysis Room - View of Projector and Tele




be performed requiring the use of some esquipment and materials that
don't readily fit the equipment categories described above. There func-
tions and associated materials are described here.

Trial Identification. A system of 45 Identification Slides was
developed to distinguish between test trials and test nessions recorded on
film, With these slides each test trial could be associated with the subject
who performed the trial. Before beginning a trial, appropriate ID slides were
displayed on the screen and photographed with the movie camera.

Visual Choice Reaction Time Apparatus. As partof the screen-
ing of subjects, candidates had to perform visual choice RT tasks. Flgure

14 shows the equipment used for screening subjects, The apparatus func-
tions as follows: when the experimenter depresses one button on the stim-
ulus select unit, a small light on tlie response unit opposite the corres-
ponding button is illuminated. Simultaneounsly, the timer starts. The
subject's task is to extinguish the light as rapidly as possible by depressing

the button associated spatially with the light. When the correct button is
depressed, the timer stops.

Weapon Calibration (Sighta). Prior to each period of testing
the zero of the test weapon was checked and, when necessary, the sights
were adjusted appropriately. The equipment required included a heavy
duty surveyor's tripod with a bench rest mounted on it, a calibration

targat and of course the test weapon itself. Calibration was necessary
because the arc in the zirconium arc lamp tends to drift about on its
filament as the lamp approachoes the end of its expected life, In general,

the arc is fairly stable and only occasional adjustment of the sights wase
required.
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Muszsle Calibration, This was carried out immediately
prior to every test trial. The materials and squiprnent used in this
procedure included a 35mm camera mounted on a tripod, the position
of which was fixed, and a muzzle calibration chart mounted on the wall
opposite the camera, The procedure employed to establish muzzle
calibration is described in Chapter V. However, since this function

is part of every test trial it is felt that the rationale for it should be
discussed at this point.

Rationale for Muzzle Calibration., The requirements for pre-
cision of measurement in this study, combined with the relatively short
absolute distance between the test weapon and the screen, made it neces-
sary to control the spatial location of the weapon's muzzle during all
test trials, Measurements of shot group dispersion are affected when
the distance between the muzzle and screen changes, This relationship
is thown in Figure 15,

The figure shows three muzzle positions, in the same horizontal
plane, each at different ranges from a screen. From each muzzle posi-
tion an angle of dispersion is drawn to interséct the plane of the screen,
The angles are of equal size, 'The impact of range on dispersion is
clearly shown by the 'circles'' on the screen. Since we are interested
in measures of dispersion in this study, it was important to control this
potential source of measurement error. At ranges beyond 15 to 20 feet
small differences of a few inches in range have no significant effect on
maeasures of dispersion. However, in this study the absolute muzzle/
screen distance was in the neighborhood of 8 to 9 feet. Assuming that a
5% error in measurement is acceptable, and assuming a range of 8 feet,
the range from the muzzle to the screen cannot vary more than 4. 8 inches.
This means that a subject, during a test trial and from trial to trial, must

maintain a fairly conatant muzzle/screen distance. Because, in this
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experiment, each subject was his own coatrol, it was not necessary for all
subjects to position the weapon within the same 4. 8 inch envelope. Hows- :
ever, it was necessary that an envuiope be established for each subject and
maintained from trial to trial.

Actually, two eavelopel. vier¢ established for each subject, one for
each shooting stance--1-hand hold and 2-hand hold. of course, if one
compares a subject's performance across shooting sis::ces, it is
necessary to apply a correction factor to account for the difference between

the two muzzle/screen envelopes,

D. Laboratory Facilities

1. General

The dimensions of the laboratory are 16 feet by 20 feet, The
laboratory was large enough to comfortably house all necessary equipment
and, at the same time, conduct the experiments. The arrangement of the
equipment in the laboratory is shown in Figure 16, Figure 17 shows the - 1
geometry of the laboratory and several of its ¢ritical dimensions., The
room was illuminated by four standard fluorescent light fixtures and was
equipped with a standard dimmer switch. To enhance target contrast, the
tests were conducted under the lowest level of ambient light permitted by
the dimmer switch. It should be noted, however, that the light level in the

room during tests was cufficient for reading a newspaper.

2, Lahoratory Constraints

While the size of the laboratory was sufficient for conduct of
the study with the target ranges actually employed, its dimensions did,
in fact, impose practical limitations on the target ranges that might be
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simulated. Available floor space limited the maximum practical subject-
to-screen distance to about 10 feet. This in turn limited the distance from
the turntable axis to the screen to a maximum of 9, 5 feet. Figure 17 shows
that a 4 second, 10 meter target moving at a simulated rate of 15 feet per
second on a screen with a radius of 9.5 feet would define an arc of 110, 3
degrees. Originally it had been planed to simulate a target range as

close as 5 meters. A 4 second moving target at this distance, however,
would require an arc in excess of 220°, exceeding available floor space,

and requiring the subject to complete nearly two-thirds of a revolution

in following the target from onset to completion of the trial.

The 10 foot limitation in subject-to-screen distance magnified
another problem in the geometric design of our floor plan, Referring to
Figure 17, it should be noted that the projector lens rotates around the
turntable pivot point which, in turn, coincides with the center of curva-
ture of the screen, Thus, the size of the target image at the screen
remains constant from point-to-point on the screen. The problem described
below would not exist if the location of the subject was also coincident with
the plvot point of the turntable.

Figure 18 is » achematic represcntation of the geometry of this
problem. Point A is the center of the screen, Point D is the extreme
right position of the target on the screen, Point B is both the pivot point
of the projector and the center of curvaiure of the screen. Point C is
the location of the subject, The dotted arc represents an arc of a circle
with a radius the length of line A~C with the center at Point C. The
problem is manifest, in Figure 18, when the projector is rotated so that
the target appears at Point D. Fhysically the target at Point D is the same
size as it was at Point A because AB equals BD, However, becauise AC
is greater than CD, the target image looms closer to the subject at point D
than at Point A, subtending a greater angle in his visual field and shorten~

ing weapon-to-target distance,
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} Since our experimental design did not call for apparent (subjective)
, variations in target distance during the course of a trial, and since it was
‘ necessary to minimize variations in weapon to screen distance (for reasons
discussed earlier with regard to musrzle calibration) it was clearly in

the interest of this study to keep the length of line CD (Figure 18) as

close as possible to that of AC, This was accomplished by placing the
pivot point of the projector (point B) as close as possible to the subject's

: position (point C), a distance (segment BC) of only 6 inches, As a result,
E. the most extreme variation in subject-to-target distance (CD) was only
1,6 inches (118.4 inchos as compared with 120 inches at the center of

the screen)., This variation yielded no detectable distortion in apparent

target size and was well within acceptable limits (* 4.8 inches) for varia-
tion in weapon-to-screen distance,
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V. PROCEDURES

A, General

The objective of this chapter l.l to outline the nature of the more
pertinent procedures employed during the conduct of the tests. Further
recording forms, protocol sheets, and verbatim instructions, etc., are
contalned in lupportini appendices. The chapter is divided into three
major sections as follows:

. Pretest Procedures

. Test Procedures

) Data Reduction Procedures

Pretest procedures are concerned primarily with subject recruiting,
screening, orlentation and training, The test procedures section deals with
the activitiec of the experimenters and are concerned with the procedures
involved In the actual test and data collection. These activities include
equipment setup, lnstructions to subjects and equipment operating
procedures, The section on data reduction procedures is concerned
with the activities of the team of analysts and the tasks they performed

for analyzing the raw data,

B, Pretest Procedures

1. Subject Recruiting

The recruiting process was conducted on an informal basis
through telephone contact with Stamford's Committee on Tralning and
Employment, Inc, (CTE), volunteer fire departments and high school and
college students known to the experimenters, During the first telephone
contact, candidate subjects were given a general description of the ex-

periment and the task they were expected to perform. The candidates
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were aleo told how much of their time would be involved and that they

would receive a stipend of $50 for their performance. Appointments

were set up for interested candidates for screening and training sessions.

2. Screening

Appendix 2 is a detailed outline of the screening and orientation
procedures followed with every subject. This outline was prepared prior
to the recruiting of subjects and was used as a script for each of the screen-
ing and orientation sessions, Screening sessions and subsequent training

sessions were conducted with groups of two to four candidates, We found

it much easier and less time-consuming to work with groups of two candi-
dates than with three or four candidates, The first step in screening was i
to test the vision of candidates by means of a Snellen Eye Chart, Subjects 1
whose vision was 20/40 or better were accepted and permitted to proceed i
to the next step in screening. Two candidates falled to meet the visual |
aculty standard and were dismissed. The next step in screening involved ‘
adequate perforrﬁance on a visual choice reaction time task, Norms werc |
estimated {rom a group (N=54) of college undergraduates performing on a
similar task under similar conditions, ¥ All of our remaining candidates
obtained mcan RT's placing them above the 5th percentile (our cutoff criterion)
as determined from these norma. The appara.tus for this task was described

in Chapter IV, while test instructions appear in Appendix 3.

3, Personal Data Form

Those candidates who passed the vision and the perceptual motor
screening tasks were next asked to complete a personal data form, a copy
of which is in Appendix 4, This form contained information pertaining to

the subject's name, age, race, yeara of education, and visual acuity.

*Unpublished data collected by L, Lowden, 1970-71,




Following completion of the personal data, physical measurements were
obtained on the subject's height, weight und hand length and breadth, This

information was also recorded on the personal data form.

4. Orientation

During orientation, subjects were briefed as to the background of
the problam and the purposes and objectives of the utﬁdy. Following thls,
the subjects were familiarized with the equipment and were shown a demon-
stration of what a 2 second, 10 meter moving target looked like, Finally,
the subjects were shown a short strip of tc st film which depicted what the data
they \‘vera to produce would look like, Appendix 2 contains the detailed out-

line of the orientation program.

5. Training Program

The complete outlliie of the training program given subjects is con-
tained in Appendix 5. ‘The content of this program closely followed the
marksmanship training program specified in the Depariment of the Army
Field Manual FM 23-35, Certain portions of the program in the FM 23-35
were omitted as they were inappropriate in a laboratory context, Also,
the duration of the subject's training was only two hours, although, each
subject received intensive personal instruction during that period, The sub-
jects were taught the proper sight picture, shooting positions and trigger
squeeze and were given practice in each exercise. The shooting posilions
taught were the 1-hand standing and the 2-hand standing positions,

These positions are depicted in Figures 19 and 20, respectively., The 1-
hand shocting stance was ldentical to that specified in FM 23-35, however,

the 2-hand shooting' stance is that recommendcd by law enforcement

agencies,

Muzzle Calibration Procedures. After subjccts had learned and

practiced proper shooting positions, data was collected on each subject

for the purpose of determining the location of his muzzle calibration
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envelope. The procedure lnvolved determining for each subject In both of
his shooting positions the average location, in space, of the weapon muzele
with respect to a fixed reference,

The geometry of the measurement situation is as follows: 5

. The mussle calibration charts are mounted on the wall to
the right of the shooting table (see Figure 16).
. The 35 mm camera mounted on a tripod is located to the

left of the shooting table and near the left wall of the laboratory.
, The subject assumes a proper shooting stance at the shooting
table, .
R The relationship of the muzzle calibration charts and the

e e A Sl St e o

camera is such that the muzsle of the test weapon is between
thern. Figure 21 shows thia relationship as seen from the
position of the camera., Figure 22 shows the experimenter
demonstrating the use of the muzzle calibration camera.
NOTE: A camera is not necessary; any sighting device that

fixes the experimenter's eye in one position will suffice.

The procedure for obtaining the muzzle calibration data is as follows:

. The subject assumes a proper shooting stance at the shooting
table.

. The experimentor; looking through the viewfinder of the camera,
notes and records the muzzle position with respect to the calib-
ration chart in the background.

. The subject then steps back from the shooting table--relaxes
for a few seconds--and then resumes the same stance at the
shooting table.

. This procedure is repeated until ten measures for each
stance have been obtained,

. From these data the mean muszele position is computed and

recorded for each subject.

-50-




J
!
k
L

. T W T T W T ST

ca—i0

—~——

Figure 21. Subject Demonstrating Muzzle Calibration Procedure



vIJWR) UOHRIGIIRD ]ZZNHN Y] Jo

8N 3y Bunizerisucwaqg INuIwnIIdxy <7z sandi 3

-52-




P

Practice Firing. Subjects were given the opportunity to familia-

rize themselves with the test weapon through a 96-round practice firing
program. This practice firing program was modeled after the 'familiari-
zation'" regime found'in FM 23-35, Using a stationary target and a range
of 25 meters, the subjects fired all eight weapon configurations using both
the 1-hand stance and the 2-hand stance. For each weapon configura-

tion and shooting stance, the subjects firad three rounds self-paced fire
and three rounds rapid fire. Four partially random firing sequences of
weapon/stance conditions were developed. To minimize order effects,
each firing sequence was given to only four subjects. Appendix 6 contains
copies of the four practice firing sequences. Instructions given to subjects

for the practice firing program are contained in Appendix 7.

To provide the subjects with performance feedback, a scheme was
devised such that the experitmenter could see the light spot produced by the
test weapon, while, at the same time, the subject was prevented {from seeing
the light spot. To accomplish this, a green fllter was placed on the muzzle
of the test weapon, and the subjects wore a pair of goggles equipped with
a red filter, After each subject had fired each group of three rounds, the
experimenter informed the subject of his performance in terms of hits and
misses. Appendix 7 contains the instructions given to subjects for practice

firing program.

C. Test Procedures

1. Test Program

The matrix of experimental variables presented in Figure 4 shows
that there are 192 indlividual test conditions. Theese conditions were grouped
into 16 sessions or sets of 12 trial conditions each (scc Chapter II, L, 3.).

Subjects were tested on two different days, euch day consisting of eight

-53-




e i Tt

o w————, T

——

seaziona ct 96 test trials. In most cases suvjects compieted their trials
ovar a period of 2-3 calendar daye,

2. Setup Procedures

Prior to beginning testing on any given day, the movie camera
nad to be loaded, mounted in position on the turntable and aligned so that
its field of view coincided with that of the target slide projector. Next,
all of the equipment were turned on and warmed up. Following a short
warm-up period, the weapon ''zero' was checked and when necessary the
sights were calibrated. Because of small day-to-day fluctuations in the
laboratory's line power, it was necessary to determine each day the

appropriate settings on the Target Speed Regulator so that moving targets
would traverse the screen at the proper rate,

3, Subject Briefing

When a suhject reported for testing, the experimenter reviewed
with him the nature of a correct sight picture, and with the use of practice

targats showed the subject wherc the center of mass was located on each

of the three targets, The subject was then required fo demonstrate the

proper shooting stance., Following this review, the subject was handed a
small tape recorder on which his ﬁnal instructions were recorded. Appen-~
dix 8 contains a verbatim transcript of the subject's instructlons. Finally,
before testing began, the subject was instructed that between trials he

should step away from the shodting table and at the same time turn his

back to the shooting table. This wes done in order to reduce any cues that

the hetween-trial activities ol the .rzxpe rimenter might afford.

4, Trial Procedurcs

Two experimenters were required to run the test trials efficlently
because of the many equipment setting chai:ges that had to e made between

trials. One experimenter (Ej) sat at the Control Desk and operated the
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equipment and the trial start switch. The second experimenter (E;) was
respunsible for controlling the subject, ‘rial IDs, setting bar lights in
proper positions, making sure the turntable was in the proper starting
position and checking the subject's muzzle calibration, To facilitate
setting up task conditions hetween trials and minimizing the possibilily

of error, procedural checklists for sessions of 12 trials were developed
for both experimenters. These checklists not only told the experimenters
what to do, but provided space for each experimenter to check off each
item as he accomplished the task, The randomization of trials made each
set of checklists unique to each subject, thus, for vach subject 16 sets of
checklists were necessary to complete the subject's test regime., Appen-

dix 9 contains samples of the Ej and I'p procedural checklists.

After the equipment was set up for a test trlal, the subject was
asked to step up to the shooting table and assume the proper shooting stance.
To assist subjects in obtaining their proper shooting stance, foot positions
were marked on the floor so as to assure that the subjects would stand in
approximately the same place from trial to trial, Figure 23 shows a sub-
ject at the shooting table. As the subject stepped up to the table, Ej re-
minded him of the essential features of the proper shooting stance. Appen-
dix 10 gives statements used by the experimenter to remind the subject of

the eassential featurer of the shooting stance,

As the subject took hié stance, he assumed a ready position, which
is the same as the desired shooting stance except he is alming his weapon
at a point in the center of the screen about 2 feet above the floor, At this
point E, asked the subject to raise his weapon to the {iring position and
checked the muzzle calibration. I the check was satisfactory, the subject

was asked to resume the ready position and indicate when he was ready

for the trial to begin. Shortly after the subject had indicated his readiness,
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Ej activated the start button on the Master Control Unit, and the trial
began. If, during the muxzle calibration check, the muzzle was outaide
of the 4 inch envelope, the subject was asked to take his stance again,

and the procedure was repeated until the satisfactory muzzle calibration
was obtained.

In practice it was found that subjects were surprisingly consistent
from trial to trial in maintaining their proper muzzle calibration enve-
lope. While no data were collected on thie subject's inconsgistency regard-

ing the muzzle calibration check, it is estimated that less than 5 percent
of all trials had to be repeated.

D. Data Reduction Procedures

As indicated in Chapter IV, C,6,, a team of two analysts was required
to operate the analysis projector and the sonic digitizer equipment, The
operating procedures for these items are contained in operator's manuals
and are not described here. One procedure that does merit mention ls
the method used by the analysts to ''digitize," on the screen, the image of
the light spot produced by the test weapon. Because the light spot often
appears as a trace on the screen, it was necésaary to develop a set of
standard rules to insure that light traces were all "'digitized" in the same
manner, Similarly, scoring rules had to be developed for distinguishing
hits from near misses. The procedu:r s and rules used in this study are

contained in Appendix 11,
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VI, RESULTS AND INTERPRETATIONS

Results will be discussed in two major sections; the firat dealing
with data concerning the general aiming and firing characteristics of the
sample as a whole, the second dealing with the effects of the seven inde-~

pendent variables under consideration on aiming and firing performance,

A, General Aiming and Firing Characteristics

1, Pre-Shot Variability

Aiming variability patterns from trial onset to ohe second follow-
ing the firet shot were assessed at .2 second intervals for two trial condi-
tions representing opposite extremes of aiming steadiness as determined
from analysis of variance results, Horizontal ( ¢x) and vertical (¢ y)
variability were determined separately, and are depicted in Figures 24
and 25, respectively, Each point on the graphs was determined by calcu-
lating the standard deviations of aiming positions for all 16 subjects (wherc
such data were available) at intervals of . 2 seconds prior to the first shot
and at similar intervals up to one second aller the first shot. It can be
seen that the number of cases on which these SD's were based varied,
particularly for pre-shot intervals (N's are shown for points on the figures
calculated from data involving less than the total sample), Consequently,
the SD's were multiplied by the i-eciprocal of the mean coefficent for their

respective n's, thereby rendering the various estimates of @ theoretically
comparable,

Condition #71, represented by the solid lines in the Figures, was
estimated from analysis of variance results to be the steadiest of the 192

trial conditions, consisting of a test weapon with a shert, light trigger pull and

" -58-




‘30Yyc jsar g
Y3 Suip®22>uUS pue 0} I0tIJ STRAISIU] PUOISS Z ~ 18 Annqerse g Sumuny [ejvoziioy dnoin -z 2andi g
SpUOD3G Ul Wl T
0°I 8° 9° ¥ z2° ioyg l°~ ¥- 9°-

0 T Y T 1 ¥ T v 0

@ o e — —

(s1 = N)

*p

(sqrwr uy)

\ 4ss
\ o9
\
449
\
lllll 221§ uonIpuo) \ Ao
[L# UOL3IpUOD) \ 452°
\
(L=N) » |

08

-59-




10YS I1s4t g
ay) BUTPIIIONG pue 0] I01IJ STRAISIUT PUCISS 7 * I8 AJITIQqRISE A mﬁchﬁuqmmuﬁum\wmsoumu;mNo.ndw_rw.

SPpUOIIG UL Il
0°1 8" 9-° ¥ A joug 2°- A

T T L 4 1 -7 T 1 § ) Q

llllll 2Z14 ©OUTPUOD

—_—— —  [L§ UO3IPUOD) - 5L

(siwn up ) ¥p

-60-




moderate grip angle operated from the 2-hand hold against a 40 meter,

4 pecond, stationary target. While the shape of the curves for this condi-
tion is generally similar to other findings, it should be noted that the
asymptotic levels achieved after the first shot for both horizontal and
vertical dispersions are somewhat above 20 digitizer units, o approxi-
mately 6 mils, * This may represent greater variability than curves
genecrated by repeated measures on the same subject, since our curves
represent "Zeroing In' data from 16 different individuala, each of whom
may have a different concept of the target's center of mass, and of the
appropriate sight picture, TFurthermore, pre-shot variability on thesc
data may be higher than what is convertionally determined, since random
appearance of the target at one of three distinctly different positions caused
different subjects to approach the target from different directions prior to
their flrst shot, IFinally, it may be noted that variabllity at the first shot
is somewaht higher both vertically and horizontally than it is at any subsge-
quent interval. This may indlcate that subjcects tended to fire thelr [lrat
shot before actually setiling in on the center of mass, Since this is a
stationary target condition, subjects had no clue as to target exposure time,
One might be tempted tc apeculate that subjects were rushing thelr first
shot in antlcipation of a 2 second trial. Time to first shot data, however,

discussed later in thir chapter, suggest thatl this was not the case,

Condition #122, represented by the dashed lines in Figures 24 and
25, was determined to be the most variablc of the trial conditions, This
condition was defined by a test weapon with a long, heavy trigger pull and
extreme grip angle operated from the l-hand hold against a 10 meter
2 second, moving target, These curves show considerably more variability
at most points both vertically and horizontally than do their counterparts

for condition #71. This was to be expected, since the target was moving

%
It has been deterimined that for this study a 1 mil variation in aim
was equivalent to 3,23 units on the digitizer screcen,
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rapidly for a short period of time and provided a greater "hit" orea,

At 2 points, however, vertical disperaion (¢ y) appeared to be less for
condition #122 than for #71. These points reprecent dispersions at .4

and .2 seconds prior to first shot. This may, of course, be primarily
attributable to large error variances at these pc;intu in the trial, but

might aleo »eflect the fact that the center of maass of the 10 meter target pre-
sented in condition #122 was approximately 10 inches lower on the screen than
that of the 40 meter target (in condition #71), putting it closer in vertical dis-
tance to the aiming point of the subject's ''ready' position at trial onset,

2, Subject Bias with Regard to Center of Mass

All subjects were carefully instructed to aim for the center of

mass of the target on all trials, and they were shown the actuul center

of mass (CM) for each target size., Nevertheless, a spot check was

made for indications of constant aiming errors in either the vertical or
horizontal direction, Data from a sample of four different tricls wore taken
from among those characterized by 4 second, stationary, 40 meter té.rget
conditions. Given the size of the target and the coordinates of the reference
point (the lower left corner of the target), the coordinates for the CM were
determined and compared against the mean horizontal and vertical coordi-

nates (at .2 second intervals aftar the first shot to the end of the trial) of

each subject for each trial,

Analysis for constant vertical aiming error showed no genexral
tendency to aim either above or below the CM. The mean of the Y coordi-
nates for all 16 subjects over the 4 sample trials was 32, 61 digitizer units
above the reference point, as compared to 34,13 units for the CM. This is

a difference of only 1, 52 units, or approximately 1/2 mil.

There did occur, however, constant vertical aiming errnzrs among

individuals in the sample. If no consistent vertical errovrs were occuring,




we would expect a given subject's mean Y coordinate for any trial to be
above or below that of the CM with equal probability. If such were the
case, then the expected numbe> of subjects showing mean coordinates

to be all above (or all below) that of the CM for the 4 sample trials would
be 2 from our total subject sample of 16, In actual fact, 8 (50%) of our
sample showed such consistency over all four trials, A Chi-square one-
sample test shows this to be highly significant (X% = 20,57, d.f. =1,

p <.001), indicating that a number of thesc 8 subjects wern indeed aiming
at a point consistently above {4 subjects) or consistently below (4 subjects)
the center of mass of the target, Taken alone, this finding does not suggest
the reason for these aiming errors, nor does it tell us which or how many
of these 8 subjects were exhibiting a true constant aiming error. To shed

more light on these questions, another sample of 4 trials was drawn from

the 4 second, stationary, 10 meter target conditions and similarly analyzed,
In this case, 9 of the 16 subjects showed constant aiming crrors over all
4 sample trials, again a highly significant finding (Xz = 28,00, d.f, =1, p «.001).
Of these 9, 4 were consistently below the CM and 5 above., Four of these
9 subjects were among those who had shown consistent aiming errors in the
game direction (3 high and 1 low) under 40 meter target conditions, It can
be assumed with some confidence, then, that at least these 4 subjects were
exhibiting a true constant aiming error during the course of the experiment,
Two possiple reasons for such errors areimmediately evident:

a, lIncorreact estimate of the center of mass,

b, Incorrect sight picture.

A comparison of the magnitudes of error between 10 meter and

40 meter conditions suggests that all 4 subjects were aiming consistently

at a point on the target other than the actual CM. If the errors were attri-

butable to a consistently incorrect sight picture, they would not be expected |
to vary in magnitude with target size. For each of our 4 subjects, howcver, g

the mean vertical deviation [rom the center of mass was 3 to 4 times greater
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with the 10 meter target (12 inches high) than with the 40 meter target

(3 inches high), Each of the four subjects, then, appear to have been aim-

ing consiustently at a point other than the actual center of mass, the distance
between this point and the CM expanding with increasing target size. Threc

of these four subjects appeared to be aiming at a point roughly halfway betwcen
the actual CM and the base of the "head" of the target, or in the upper

"eheat'' area. The fourth subject appeared to be aiming at a point roughly
midway between the CM and the bottom of the target, Since the E target
represents a rough facsimile of a kneeling man, this wonld put his aiming
point approximately in the genital area, the psychological implications

of which will not be pursued here.

Similar analyses were performed to detect constant horizontal error.
Again, no general tendency to aim either to the left or right was found.
Six of the 16 subjects showed a consistent horizontal aiming bias over the
four trials employing the 40 meter target, a number significantly above
chance (x2=9.14, d. [, =1, p<i0l), and for the 10 meter target trials, sevun
subjects showed a consistent hcrizontal error (Xz=14. 29, d.f, =1, p<5001),
Four of these subjects showed coastant horizontal error for both 10 meter an-d
40 meter conditions in the same direction, threc to the laft of the CM, and
one to the right, In thesc cases the mean errors for 10 meter conditions were
somewhat greater than for the 40 meter conditions, but not enough to justify
the position that the subjects were aiming for a point to the left or right of
the CM. It seems more likely that these errors, smaller in magnitude than
those found for the vertical conrdinates, represent either slight but consistent
error in the sight picture or a tendency for the tcst weapon to deflect to one

side with each trigger pull,

In summary, then, our data suggest that, while there is no consistent

group aiming bias, a number of subjects do tend to aim at points above or

below the center of mass, and others tend to show slight constant crrors

to the left or right of the CM.

\




R ek

B. Effects of the Indepondent Variables on Aiming and Firing
Performance

1. Operational Definitions of Performance Variables

As described in Chapter 11I, E. 3., our experimental design
lends itself to analysis of variance which was used to determine the
effects of the seven independent variables and their interacticns on
six performance measures derivable [rom the raw daﬁ. A gample of
the trial data in its raw printed form is pictured in Figure 26, The
one complete trial shown here was coded (as were all others) for
appropriate computer identification of the data, and is interpreted
for the reader in Figure 26. The firvst line for this trial identifies
the subject and trial condition. The second line gives the y followed by
the x coordinate* for the reference point, defined as the lower left
corner of the target, fixing the target position on the digitizer screen,
Coordinates preceded by the letter "P'" represent aiming locations
frem the first frame cn which the IR spot could be located through
successive frames to the first shot (each frame representing a time
intorval of . 05 seconds), Coordinates for the first and succeeding shots
are preceded by the letters "H' (hit) or "M'" (miss). Xach shot is followed
by a 4-digit nurnber (preceded by the letter ""T'"') representing the
titne in milliseconds that the shot occurred after trial onset.
Unlabeled (indented) coordinates represent aiming position at con-

secutive , 2 second intervals fullowing the first shot to termination
of the trial (E).

#*Orientation of the digitizer during data recording yielded printed
coordinates in reverse of the usual order, Coordinate values were
also reversed, decreasing rather than increasing from bottom to top
and from left to right, These facts were taken into account, where
appropriate, in assessing results.
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From these kinds of data our performance mcasures were
derived for each trial. Four of these measures could be obtained
directly from the raw data, e.g.,, from the trial shown in Figure 26:

. Time to [irst shot = 0,975 scconds

. Time to lst hit = 0,975 seconds

. Number of hits = 3

. Percent hits = 75%

it

Measures of vertical and horizontal aiming dispersion were
derived, reapectively, by calculating the standard deviations of the y
and x coordinates for all aiming points at .2 second intervals following
the first shot, and multiplying these by the reciprocal of the mean co-
efficient to obtain a botter population estimate. Finally, values for ‘
l-hand hold were adjusted to compensate for varying nmiean musaxzle=
calibration values (muzzle to screen distance) between 1-hand and 2-hand
holds for a given subject, For example, {rom the raw data in Figure 26,
y coordinates for the .2 socond intervals following the first shot (tho
first number of each palr) yield an uncorrected standard deviation of
31,79, Since n = 5, this value ls multiplicd by the corresponding
reciprocal of the mean cocfficient (Grubbs, 1904), giving a Uy catimate
of 37,80, Sincce this trial represents a l-hand hold condition, and
since the subject (M) showed a mean muzzle to screen distance 3%
greater for the 1-hand than the 2-hand hold, the Uy value was reducad
by 3% to 36,67, making it experimentally comparable to that of the
2-hand hold for this subject, ‘The same procedure was followed in the

estimation of both x and y dispersions for all trials.

It should be mentioned here that fow, if any, of the performance
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measures defined above can meet the rigid theoretical assumptions
underlying the analysis of variance approach. A suvvey of rzsearch
literature would, in fact, show that these assumptions are geldom even
tested, let alone met. Experience has shown that the F-lest is
sufficiently robust to tolerate even relatively extreme deviations from
normality, homogeneity of variance, etc,, still yielding recasonably
accurate probabilities. Furthermore, it is the only test available which
can assess the great variety of interactions which might be critical to
the correct interpretation of ithe results of this study, Various non-
parametric tests were origin«lly considered for this analysis, but

none were found that could remctely approach the yield or the power

of an analysis of variance when applied to the body of data available.
Therefore, analyses of variance were run directly on the performance

measures as defined above, without resorting to questionable data

transformations,

Each of the following sections is devoted to the presentation
and discussion of analysis of variance findings regarding the effects of
the 7 target, weapon, and human performance variables on a particular
dependent measure, Whiie all significant (p ¢, 05) results for each
measure are listed, not all are discassed, With 127 analyvzable com-
ponents for each dependent measure, about 6 or 7 of these would be
expécted to exceed the , 05 level of significance by chance., Therefore,
most of the discussion centers on those factors exceeding the ,01
level, Furthermore, a fair number of significant higher order inter-
actions will be ignored since they do not lend themselves to coherent

description or interpretation,
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In analyzing theae data, the method of unweighted means was
employed to account for occasional unequal cell frequencies resulting
from lost trials. Lost trials occurred primarily as the result of a
subject being unable to fire a shot before termination of a trial, thereby
yielding no data from which to compute dependent measures. For [ive
of our dependent measures, such trials represented a very small pro-
portion of the total number (3072), and were not considered sufficient
to affect the outcome of the analysis, The sixth measure, however, time
to first hit, was found to contain too much tost data to produce meaningful
analysis of variance results, This was attributable to the fact that many
trials, particularly those presenting 2 second, 40 meter targets, produced
no hits (although at least one shot was generally fired), It is evident that
in this case the method of unweighted means would produce extremely biased
estimates of mean time to first hit for trial conditions in which hits often
failed to occur, rendering the analysis of such data meaningless. Under
these circumstances, it is felt that time to first hit might better be inferved
indire~:ly by refercnce to results on other dependent measurcs such as

time .. {irst shct and percent hits.

2, Effects of the Independent Variables on Horizontal Aiming
Dispersion

Significant effects onh horizontal dispersion are listed in Table 3,
For rcader reference, Table 4 gives the mcan %x for each of the 192 trial
conditions in digitizer units, In this and succeeding sections discussion
will focus on the effects of cach independent variable taken by itself, with
interactiona being discussed where they are dcemed relevant. All tables
describing?x or ®y means were derived directly from compuier printout
data, which defined these means in digitizer units, To convert any such
table value to ite equivaleni in mils requires only that the reported value

be divided by 3,23, On the othcr hand, figures dealing with such values

are already presented in mils.




Table 3

Significant Effects on ¥x of Grip (G), Slack (S),
Force (F'), Hold (H), Range (R), Time (T) and Motion (M).

T Source Sum of Squares * a.f. Mcan Square F L
| G 2460. 142 1/15 2460, 142 8.62  ,011
S 10169, 801 1/15 10169, 801 42.09 <,001
F 3257, 000 1/15 3257,000 10.82 006
.1 H 6004, 145 1/15 6004, 145 34,64 <. 001
: R 68160, 875 2/30  34080,437 120.38 <, 001
T 1027, 509 1/15 1027, 509 7.16 . 018
M 46473, 023 1/15 46473.023 70.44  <.001
SxF 2057, 239 1/15 2057, 239 19.88 <, 001
{-, GxT 549, 829 1/15 549, 829 7. 54 . 015
| SxT 1202, 080 1/15 1202, 080 12,88 . 003
RxM 6564.148 2/30 3282.074 25,71 <, 001
TxM 489, 772 1/15 489, 772 10,17 . 007
3 GxSxR 766.430 2/30 383,215 4,30 . 028
SxHxM 697. 776 1/15 697, 776 12.62 003
> GxRxM 707,125 2/30 353. 563 4,01 . 029
‘; SxRxM 896. 425 2/30 448,213 4,60 . 019
i GxSxFxM 802,967 1/15 802,967 11, 34 . 604
SxFxHxM 211, 532 1/15 211, 532 5.37  ,035
- GxSxHxRx T 322,709 2/30 lol, 354 5,17 . 012
i GxFxHxRxM 714, 397 2/30 387 179 4, 52 . 020
Error sums of squares not listed.,
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Grip Angle, A small but significant (p = ,011) overall
difference was found for Yx between the moderate and extreme grip
angles, Trial conditions employing the moderate grip showed an
overall mean ¥x of 23,14 digitizer units as compared to 24,90 with
the extreme grip angle. This represents a2 mean difference of 1,76
digitizer units (about , 5 mils) favoring the moderate grip angle, The
reliability of this finding may be open to question, The significance
level approaches, but dnes not exceed .01, and the c¢ifect was not
found for vertical dispersion (Ty), One possible reason for the
difference in horizontal aiming error (if the ecffect iw, in fact, zreliable)
is that the circumference of the extreme grip angle is smaller than
the standard (moderate) grip. This might well require a tighter grip to
kcep it from rotating slightly in the hand with ecach trigger puil, If
such is the case, it should be reflected, as it was, by a higher mecan

x value for the extreme grip angle, and also, perhaps by a
greater difference under long pull conditions than is found with the
short pull (grip x slack interaction). It seems reasonable that if the
extreme grip tende to twist more in the hand with trigger pulls, the
longer pull would exaggerate the effect. This interaction was not, in
fact, significant,but Table 5 shows the mean Y x to vary in the dircction

suggested by this interpretation.

Table 5.

Mean ¢x for Moderate and Extreme Grip Angles
over Long and Short Trigger Pull Conditions

Long_pull Short pull
Moder:te 24.172 21,67
Extreme 27.10 22, 87
-72-
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‘The most highly significant of those interactions involving
grip angle was grip x slack x force x motion (p = .004), des-
cribed by Table 6.

Table 6. ,

Mean Ox for Moderate and Extreme Grip Angles over
Different Combinations of Trigger Slack and Pull Force
Under Stationary and Moving Target Conditions

Stationary Targets

Light pull Heavy pull
Long pull Short pull Long pull Short pull

Moderate 20.19 16.40 22,93 18. 23
Extreme 20. 80 18, 92 24,99 19. 03
Moving Targets
Light pull Hea ull
Long pull  Shori pull Long pull Short pull
Moderate 25,20 26.62 30, 57 25.38
Extremec 30,05 26,29 32. 54 27.19
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Without attempting a detailed interpretation of this com-
plex effect, it can simply be noted that the greatest difference in
horizontal aiming error between moderate and extreme grip angle

appears with the long,light trigger pull under moving target condi-

Hions,

Trigger Slack, The overall effect of trigger slack was
highly significant (p <,001), with conditions employing the long pull
showing a mecan Ox of 25,88 as compared to 22,16 for short pull
conditions, On the whole, then, the short trigger pull produces
less horizontal aiming variability, with a mcan %x less than that

of the long pull by 3.72 units, or approximately 1.25 mils.

Among the more significant interactions invelving trigper

slack were slack x time (p = ,003) and slack x hold x motion (p = ,003),

the nature of which are shown by Tables 7 and 8 respectively,

Table 7.

Mean ox for long and Short Trigger
Pulls over 2 and 4 Secnnd Trial Conditions

2 second 4 sccond
Long pull 25.86 25,96
Short pull 23.47 21.07
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Table 8

Mean 9x for lLong and Short Trigger Pulls within
1 and 2 Hand Fold and Stationary and Moving Target

Conditions
Stationary target Moving target
1-hand 2-hand l-hand 2-hand
Long pull 24,20 20,26 30,61 28, 57
Short pull 18, 99 17. 358 28, 14 24, 59

The meane in Table 7 seem to suggest that, with a short
trigger pull, subjects tend tc become progressively steadier with
time after initially 'zeroing in' and firing at the target. There is,
however, no corresponding decrease in 9x with the long pull, It may
be that the baseline horizontal aiming variability inherent in the long
pull simply does not allow for a further increase in steadiness during

4 sccond trials beyond that attained dvring the first 2 seconds,

A similar interprectation might help explain the slack x hold
x motion interaction depicted by Table 8, While horizontal aiming
variability declines for long and short trigger pulls with the Z-hund
holds for both stationary and imoving target conditions. the decline
appears to be leas for the short pull with stationary targets whila the
reverse holds for moving target conditions. At least a partial ex-
plaration for this might be the existence of 5 'ceiling effect" with
respect to short pull, 2-hand hold, stationary target conditions, These
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conditions may approach the average subjects' physiological limit for
siming steadiness, thereby not allowing for further decrease in aiming

error for those conditions.

Triggex pull Force. As might be expected, the mean over-
all ¥x for heavy trigger pull conditions is significantly greater than
for the light pull (p = ,006), with means of 25.08 and 22,96, respective-

ly (a difference of 2.12 units or approximately .7 mils). The true

extent of the difference, however, might well have been attenuated by
the fact that what was originally thought to be a 12 pound heavy puil
force for the short trigger pull condition was determined, after data
collection, to be approximately 5 pounds - nearly idenvical to that

of the short, light pull configuration. It has not been conclusively

determined whether this represented a progressive weakening of the
spring mechanism duriang the course of the study, or whether, in

fact, this trigger assembly had produced a short, light pull from the

onpet, Pertinent to this issue is the significant (p<.001) elack x force

interaction, illustrated by Table 9,

Tahle 9.

Mean x for Long and S hort Trigger
Pulls over Light and Heavy Pull Conditions

Light pull Heavy pull
Long pull 23,96 27.79
Short pull 21.95 22,36
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Thie table shows that virtually all of the observed difference
for trigger pull force on horizontal dispersion is found within the long
pull condition. This is open to 2 interpretations: a) there wag in fact,
never a short, heavy pull condition, or b) there was a progressively
deteriorating short, heavy pull during the course of data collection, the
effect of which was negligible. Since neither interpretation can be con-
clusively verified, we must, unfortunately, yield to the more conser-
vative, and tentatively conclude that the short, heavy trigger pull con-

figuration was never adequately tested,

Hold. A consistent, highly significant, overall difference
was found in horizontal aiming error between the subjects' use of the 1-
or 2-hand hold, the Z-hand hold showing a steadier horizontal aiming
pattern (x = 22, 60) than did the 1-hand hold (x = 25,43), a mean differ-

ence in ™ equivalent to approximately . 9 mils,

The only highly significant ( p < .0l) interaction effect in-
volving the hold variable was the slack x hold x motion interaction dis~

cusscd earlier with respect to trigger slack and illustrated in Table 8,

Target Range, The overall effect of simulated target range (size)
was, not surprisingly, profoundly significant, While subjects were told
to aim for the center of mass, they werc also instructed that they were
to obtain as many hits as posgible during the course of a trial. This
implied that they were (o fire as quickly as possible once they felt they
were aiming within the target. A closer (larger) target, then, would
require considerably less aiming procision than one simulated at a greater
distance, That the subjects behaved accordingly is quite obvious, For
the target at a simulated distance of only 10 meters, the overall mean

Tx was 30,67 as compared with 21, 85 and 19, 54 for 25 and 40 meter targoets,
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respectively. Quite clearly, then,subjects' aiming precision increascd

as simulated target distance increased (or target size decreased’

The only highly significant interaction effect involving

target range was range x motion as shown in Table 10, It can be seen

Talle 10.

Mean ¢ x for Each of the 3 Simulated Target
Ranges overS tationary and Moving Target

Conditions,

Stationary Moving
10 meters 24. 67 36,67
25 meters 18, 85 24.85
40 meters 16, 58 22.49

from this table and from Figure 27 that a far greater incrcase in hori-
zontal aiming error occurs from stationary to moving target conditions
for the 10 meter target than for the 25 and 40 meter ranges. It should
be noted, in this regard, that in order to simulate specds of 15 feet per
second at 3 different target ranges the actual distance (hence speed)
traveled across the subjects' field of vision must be greater for closer
simulated distances over the same amount of time. Consequently, in
this study the length of the arc traversed during a 4 second trial by a
10 meter target along a screen 10 feet from the subject was about 18
feet (4.5 feet per second), as comparcd to about 7.3 feet (1, 8 feet per sec-
ond) and 4. 5 fecet (1.1 fect per second) for the 25 and 40 meter targets,
respectively, With respect to the subjects, then, the 10 meter targets
moved across the screen further and fastor than the 25 and 40 metor
targets, making it more difficult to track and loading to a greater in-

crcase in horizontal aiming error,
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Target Exposure Time. The overall effect of target

exposure time was significant (p =

under the ground rules of this analysis,

» 018) but only marginally so

Horizontal aiming error
was slightly greater for 2 second target exposures than for 4 second

exposure times { ¥ x = 24.52 and 23, 50, respectively).
difierence would not be expected to hold for all trial conditions.

This small

significant interactions involving exposure time exceed the .01 level,

One was the slack x time interaction (p = ,003) discussed earlicr

with regard to trigger slack and described in Table 7.

It was

shown that the longer target exposure time reduced mean horizontal

aiming variability under short trigger pull conditions, but did not

affect variability with the long pull.

Another significant cffect was the time x motion interaction

(p = .007) shown in Table 11,

Two

Table 11.

Mean 9 x for 2 and 4 Second Target Exposure
Times over Stationary and Moving Target

Conditions

Stationary
2 seconds 20,87
4 geconds 19, 20

Moving

28,17
27.83
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This effect suggests a ulight reduction in horizontal aiming error
with stationary taiets, but virtually no reduction under moving target
conditions. It may be that subjects continuc to steady down somewhat
during the third and fourth seconds of stationary conditions, but are unable

to do so when tracking moving targets.

Tarpet Motion, As expected, horizontal aiming error was far

greater (p<.001) with moving targets than with stationary targets, the
former yiclding an overall mean Tx of 28,00 as compared to 20,03 for the

latter. This represents a mean % differcnce of approximately 2,7 mils.,

The more significant interactions involving target motion wore
discussed earlier and are illustrated by Tables 6, & and 10, Table 10 and
Figure 27 best illustrate the most significant effects of target motion oun
horizontal aiming error. At all simulated target distances, aiming error
increases [rom stationary to moving target conditions, with the greuatest

increase occurring in the 10 meter range,

3, Effucts of the Independent Variables on Vertical Atming Dispoercion

Significant effects on vertical dispersion (Ty) and the mean Ty for
cach of the 192 trial conditions in digitizer units are given in Table 12 and

13 respectively,

Grip Angle. This variable appears to have had little, if any,
influence on vertical aiming ¢rror, The main effect was not significant, with
moderate and extreme grips showing virtually identical Ty means of 22,061
and 22,04, respcctively. No interactions involviag grip angle cxceeded the

. 01 level of significance.

Trigger Slack., As with horizontal dispersion, conditions

involving the short trigger pull produced considerably less vertical

T




Table 12,

Significant Effects on ¥ y of Grip (G), Slack (S), Force (¥), Hold (H),
Range (R), Time (T) and Motion (M)

Source Sum of Squares® g £, Mean Square F P
S 13031. 188 1/15 13031. 188 48.10 <, 001
F 3760. 496 1/15 3760, 496 14,92 . 002
H 2741, 732 1/15 2741,732 16,39 . 002
R 36774. 578 2/30 18387, 289 97.30 <, 001
M 11687, 824 1/15 11687, 824 97.47 <. 001
Sx¥ 1316, 685 1/15 1316, 685 8,61 . 011
GxT 524,419 1/15 524, 419 4,79 . 045
FxM 465,113 1/15 465,113 10. 40 . 006
RxM 615,034 2/30 307, 517 3.66 .038
GxHxR 610, 699 2/30 305, 350 4.95 .014
: SxFxT 528, 586 1/15 528, 586 10.40 . 006
FxRxM 802, 587 2/30 401, 293 4,92 . 015
' SxFxHxRxM 283, 543 2/30 141. 771 3,69 . 038
r GxSxFxRxTxM 762,434 2/30 381, 217 4,44 . 021

* Error sums of squares not listed,
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siming error than did those ernploying the long pull, The difference
was highly significant (p <.001), with overall ¥y means of 20.26 as
ageinst 24.41 for tho ghort and long pulls, respectively, a difference
of 4. 15 digitizer units or about 1,4 mila. Thus, the short trigger
pull is apparently superior to the long pull with respect to both hori-

zontal and vertical aiming steadiness.

Interaction effects invoiving trigger slack will be dealt with
in the discussion of trigger pull force which follows.

Trigger Pull Force. The overall effect of trigger pull force
as with slack, was significant for vertical aiming dispersion as well
as for the horizontal, The light pull conditions showed a smaller overall
vertical variance with a mean Ty of 21, 23 as compared to 23,42 for the

heavy pull on hoth the vertical and horizontal dimensions.

We must reitarate, however, that the trigger assembly thought
to huve been a short, heavy (12 1b.) pull appeared after data collection
to have required little more than a 5 1b, pull-~-virtually equivalent to the
short, light pull conditions., Table 14 shows the slack x force

Table 14.

Mean ¢y for Liong and Short Trigger Pulls over Light
and Heavy Pull Conditions

Light pull Heavy pull
Long pull 22, 66 26,16
Short pull 191 79 20, 68

interaction (p = .011) on ¥y. Reference to this table along withTable

9, presented earlier, indicates that virtually 211 of the difference between
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short and long pull conditions--on both horizontal and vertical dimen- _ \
sions -~ can be attributed to greater variance shown by the long, heavy f‘
pull configuration. Figure 28 illustrates this fact for both " x and Ty,
Consequently, we are unable to determine what effect, if any, a true

short, heavy pull would have had on aiming error.

One interaction involving pull force and exceeding the . 01 level

of significance was slack x force x time (p = . 006), described by Table 15,

Table 15,

Mean Ty for Long and Short Trigger Pulls over Light
and Heavy Pull Force Conditions for 2 Second and 4
Second Target Exposures

2 second 4 second
Light pull Heavy pull Light pulli Heavy pull
Long pull 22,56 27.14 22,83 25,30
Short mll 20,44 20,74 19, 34 20, 84

The long trigger pull increased in mean?y from light to heavy pull to a
greater extent under 2 second than under 4 second trial conditions. If
anything, the opposite wa -ue with the short pull, with virtually no

increane for 2 second trials but a slight rise under 4 second conditions.

The reason for this interaction is not clear, und it might be attributable

to Type 1 error (no true effect),

Another interaction, force x motion (p = . 006), also defiss simple

interpretation, As shown by Table 16, vertical aiming error under heavy

Table 16,

Mean %y for Light and Heavy Trigger Pulls over Stationary
and Moving Target Conditions

Stationary Moving
Light pull 19,61 22,85
Heavy pull 21,03 25,85
-85~
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; ‘ trigger pull conditions increases to a greater extent from stationary to

1 . moving target conditions than it doms with the light pull. As mentioned

, earlier, the heavy pull was apparently operative only for the long trigger
\ pull configuration. For this reason, the greater effect of target motion
on the heavy pull, if & true effect, should be found only within the long,
heavy pull condition, yielding a significast slack x force x motion inter-
action, This effect, in fact, was far from significant (p = . 437), with the
short, "heavy'' pull apparently also contributing to the effect, despite

its not being a heavy pull at all. We can only conclude, then, that the
effect is vot replicable if the short, heavy pull wus indeed not operative
during the course of the study.

Hold, An overall significant difference in ¥y was also found
between 1 and 2-hand hold conditions (p = . 002) with mean “y's of
23,31 and 21, 34, respectively. The same was true with x, as discussed
earlier, und the differences were in the same direction--the 2-hand hold
being st eadier in both the horizontal and vertical directions.

No interactions involving hold were found to exceed the ,01 level ' i
of significance, leading us to conclude that the effect is primarily general
over all conditions.

Target Range. The overall effect of target range on vertical
aiming dispersion was large and highly significant(p <. 001), as it was
for horizontal dispersion. Mean values of Ty were 27, 28, 20.46 and 19. 24 for:
10, 25 and 40 meter targets, respectively. It can be concluded, therefore,

that target range (or size) has a strong effect on aiming variability in

N general--both horizontally and vertically.

One interaction effect involving target range should be 1entioned

here, despite the tact that it failed to excced the .01 level of significance.
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The range x motion interaction (p « .038) is shown in 'I'Abloi 17. The
largest effect of target motion on vertical aiming error occurred with

Table 17.

Mean 9y for Different Target Ranges over Stationary
| and Moving Target Conditions '
E .
i Stationary Moyving
]
{ 10 meter 24. 67 29. 82
‘- 25 meter 19.01 22,12

40 meter 17,67 21,11

10 meter targets. While this difference appears marginal at best, given
l’ our criteria for significance, it seems reasonable to suggest that it was
attributable to the greater speed with which the 10 meter target traversed
the screen., It should be recalled that a similar difference occurred for
horizontal aiming error, although substantially greater in magnitude

and statistical aignificance (p<.001), This difference in magnitude

(Figure 29) seems reasonable, since moving targets traversed along the

horizontal dimension, so that variations in speed should more profoundly

effect aiming accuracy with respect to that dimension,

Target Exposure Time No main effect of target exposure time

was found on vertical aiming variance. The only interaction effect exceed-
ing the , 01 level of significance was the slack x force x time interaction

(pr .006), discussed as a possible Type 1 error with regard to trigger

pull force. These facts, along with the tenuous, if true, effects of time
on horizontal aiming error suggest little, if any, notable effect of target '?

exposure time on aiming steadiness in general,

=88~
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Figure 29. Mean Increase in Horizontal and Vertical Aiming Error for
10 Meter Targets from Stationary to Moving Target Conditions,




Target Moticn. The overall effect of target motion on
vertical aiming steadiness was highly significant {p<, 001), yielding
mean Ty values of 20.32 for stationary targets as against 24,33 on
moving target conditions. The magnitude of difference is substantially
less than that found for hori mn‘tal dispersion, however, with target
motior causing a mean %y incrcase of about 1.2 mils as compared to
nearly double the increase (about 2.4 mils) for ™x. As suggeated earlier
with regard to range x motion interactions on x and 0y, target motion
(and variations in speed of movement) should affect horizontal aiming
variability to a greater extent, since that is the direction of target
movement, There is little doubt, however, that horizontal target motion

does increase vertical aiming error as well.

The only interaction involving target motion which exceeded
the .01 significance level was the force x motion interaction discussed
earlier with respect to trigger pull force and illustrated by Table 16.
As stated in that discussion, the meaning or reliability of that finding
is not clsar,

4, Effects of the Independent Variables on Percent Hits

Table 18 summarizes all nignificaht effects of the independent
variables on percent hits (# of hits/# of shots in each trial). Table 19
gives mean percent hits for all 16 subjects in each of the 192 trial con-
ditions, |

Grip Angle., No overall effect of grip angle on percent hits
was found in this study. It should be recalled that a slight but significant
effect of grip angle was found on horirontal aiming error, the extrume

grip yielding a somewhat larger averall horizontal dispersion. It is

reasonable to assume that any weapon configuration that increases aiming




Table 185

Significant Effects on Pexceat Hits of Grip (G),
Slack (8), Force (F), Hold (H), Range (R), Time (T) and Motion (M)

Source Sem of Squares™ 4&.f, Mean Square E ]

8 45973. 008 1/15 45973, 008 33,25 <.00l
H 12320, 082 1/15 12320, 082 5,71 .03l
R 1058722. 000 2/ 529361.000  319.53 < .00l
T 22315, 707 1/15 22818, 707 28,75 <.001
M 149382, 375 1/18 149382.375 129,12 < .00l
SxF 6580, 090 1/15% 6580, 090 5.34 .03
SxR 10706, 453 2/30 5353, 227 10,46 <.001
HxR 2984, 874 2/30 1492, 437 .41 047
RxT 3894, 042 2/30 1947, 021 9.20 .00l
GxSxT 2036, 922 1/18 2086, 922 10.91 . 005
GxSxFxR 3977, 650 2/30 1988, 825 .50 044
GxFxHxT 2200. 527 1/15 2200, 527 6.20 .026
SxFxHxT 1938, 018 1/15 1938, 018 5,02 .041
GxSxFxRxT 6374. 621 2/30 3187, 311 6.13 006
GxHxRxTxM 3072, 975 2/30  1536,487 4.00 029

*Error sums of squares not listed,
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error will decraass percent hits, although the latter effect may not be

. 8 reliable sincc percent hits 1s also a funciion of constant aiming error
and possible ceiling effects with large targets. Section A, 2, of this Chap-
ter has suggested that a namber of subjects did, in fact, show a constant
aiming bias over trial conditions, thus affecting their hit wrobabilities--
especirlly with small targets, where the correlation between percent

hits and aiming steadineas should be highest. In aay event, the direction
of the overall difference hetween moderatc and extreme grips, while not
significant wae found to favor the moderate grip angle with 63.07% hits

over all conditions as compared to 61, 65% under extreme grip angle
conditions,

It may be asked whether grip angle affects the nican aiming point,

i.e., do subjects tend to show a constant differnnce in where they aim with
the different grip angles. For a numnber of trial conditions, a correlated
T-test was run, subjects being compared against themselves on mean
aiming points after first shot with moderate and extreme grips, No con-

sistent differencen were found on cither the horizontal or vertical dimen- i

sions, Thus, grip angle does not seemn to determince whether a subject aims

higher, lower, or to the left or right for this sample.

Two interaction effects involving grip angle were found to excecd

the . 01 significance level, but neither lends itself rcadily to inter-

pretation. One of these was the grip x slack x time interaction (p =, 005) 1
which is presented below in Table 20 f.r the reader's consideration, This ‘
Table suggests that for 2 second target exposurcs the cxtreime grip angle
yields & lower percentage of hits with longer trigger slack, while for
short slack conditions the grips are virtually equivalent. With 4 second
target exposures, however, the exact opposite appears to prevail, The

reason for this is not clear,




Takie 20,

K Mezan Percent Hits fo- » ‘. and Extreme Grip Angles over

) Light and Heavy Trigger Sla 4tions for 2 and 4 Second Target Exposures

: 2 seco 4 second

' Long pull Short pull Long pull Short pull

b oa ————————

i Moderate 58,27 62,04 50.42 71, 56 ]
i Extreme 55. 31 62,94 59. 98 68, 39

i

A grip x slack x force x range x time interaction {(p = .006) was

also found, but is too complex to present or interpret here,

Trigger Slack., Since the long trigger pull was found to increase
significantly horizontal and vertical aiming variability, we should

expect that the short pull would yield a greater percentage of hits, This

was, in fact, the case, with overall means of 66.23 and 58,49 percent
hits (p <.001) for short and long pull conditions, respectively. A highly
significant slack x range effect (p <, 001) was also found, and is shown by
Table 21.
Table 21,
Mean Percent Hits for Long and Short Trigger Pulls
A over Different Target Ranges
! 1
10 meter 25 meter 40 meter :
Long pull 85, 31 53,59 36.59
Short pull 87.82 64,57 46,31

It is apparent from the Table that differences between long and short pull
on percent hits are cunsiderably greater under 25 and 40 meter conditions
(the smaller targets) than for 10 meter targets. ¥or the latter, the demon-

strated effect of trigger slack on aiming steadiness vould not be expected

-94-
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to have as great an effect on percent hits, since the relatively large

area of this target produces hits in all but the grossest cases of aiming
error, It seema, then, that since shots produce predominantly hits for
10 meter conditions, this interaction was attributable to a ''ceiling" effect
on the influence of slack-induced aiming variability on percent hits under

10 meter target conditions,

Trigger Pull Force. While the overall effect of trigger pull force
was not quite significant (p = ,056) on percent hits, it is worth noting that
the light pull produced a generally greater percentage of hits (64, 71) than
did the heavy pull (60. 01). This would follow from the greater overall
aiming variance produced on both the horizontal and vertical dimensions

by the heavy pull,

Ag stated earlier, the overall effects cn aiming variability were
attenuated by the fact that the heavy pull was apparently inoperative for
short trigger slack conditions. Therefore, we look to the slack x force
interaction to verify the effect of pull force on percent hits, This effect,
while not exceeding .01, was significant (p = . 036), and is illustrated by
Table 22,

Table 22,

Mean Percent Hits for Long and Short Trigger
Pulls over Light and Heavy Pull Conditions

Light pull Heavy pull
Long pull 62, 31 54, 68
Short pull 67.12 65, 35

From this it can be seen that by far the greatest reduction in percent hits
occurred under long, heavy pull conditions, the configuration which alsc

produced the greatest aiming variability as discussed earlier,
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Hold, As might be expected from the overall effects of 1-hand
versus 2~hand hold on both horizontal and vertical aiming variance, the
2-hand hold (producing a generally steadier aim) showed a greater overall
percentage of hits (64. 37) than did the 1-hand hold (60, 36). The difference,
thougl. not exceeding . 01, was significant (p = ., 031).

As shown by Table 23, the hold x range interaction was signifi- -
cant (though marginally--p = ,047), indicating, if anything, the fact that ‘,

T.ble 23 .

Mean Percent Hits for One and Two Hand Holds
over Different Target Ranges

10 meters 25 meters 40 meters
1-hand 85,94 56, 58 38. 56
2-hand 87.19 61, 57 44,33

percent hits is more greatly influenced by aiming steadiness with smaller
targets.

Target Range. As expccted, target range (or size) was a pro-
foundly significant factor on percent hits (p <, 001), Despite the fact that
larger targets increuse overall aiirﬁng variance, they also increase the
probability of hits as shown by mean pcrcent hits of 86, 56, 59,08, and 41,45
for 10, 25, and 40 meter targets, respactively,

Target Exposure Time., Target exposure time also produced a
significant difference in percent hits (p <, 001) with 4 second conditions
showing an overall mean percentage of 65. 01 vs, 59,64 for 2 second con-

ditions, The extent of this difference is rather surpiising, since the effect

of target exposure time on aiming steadiness was tenuous. As suggested




in Section A. 1., however, the prospact of a short (2 second) exposure
time may have caused subjects to rush their initial shots, firing before
obtaining the correct sight picture, thus leading to a greater percentage
of misses on shots fired in the first 2 seconds.

The significant effect of range x time (p = , 001) again suggests a
ceiling effect for 10 meter conditions similar to that shown for ll;.ck x
range and hold x range. In the present case (Table 24) it appears that
rushing the initial shots did not result in as great a percentage of early
misses at 10 meters, since for the larger target a careful aim was not
required for hits to be scoxed.

Table 24.

Mean Percent Hits for Different Target Ranges
over Two and Four Second Target Exposure Times

¢ second 4 second
10 meters 85, 38 87.75
25 meters 55, 24 62.92
40 meters 38.30 44, 60

Target Motion. Target motion reduced the percentage of hits to
a highly significant degree (p <.001) with subjects scoring (overall) 69.34%
hits for stationary targets, but only 55.39% under moving target conditions,

This, of course, can be attributed largely to the increase in aiming varia-

bility with moving targets, particularly on the horizontal dimension.

5, Effects of the Independent Variables on Number of Hits

Number of hits per trial was analyzed to determine, not only
bow accurately, but how often hits could be achieved under different trial
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condiions. Significant effects on this variable would reflect both aiming
accuracy and the number of shots fired under various trial conditions. A
list of significant results and mean number of hits for each of the 192 trial
conditions are given in Tables 25 and 26, respectively, With the multi-
plicity of factors affecting this variable, a great many (27) effects exceeding
the . 05 level of significance were found, including a significant 7-way
interaction at the , 008 level, Consequently, this discussion will be limited
to those effects judged to be interpretable and/or relevant to the objectives
of this study.

Grip Angle, The overall effect of grip angle on number of hits for
a given trial was negligible. Two significant interactions involving this
variable were grip x slack (p = ., 016) and grip x slack x time (p = . 003),
Boih effects can be described from the data presented in Table 27, From

this we can see that alightly more hits are, on the average, achieved with

Table 27.

Mean Number of Hits for Moderate and Extreme Grip Angles
over Long and Short Trigger Pulls for
Two and Four Second Target Exposures

2 seconds 4 seconds
Long pull Short pull Long pull Short pull
Moderate 1,87 2, 59 4,75 7.60
Extreme 1.89 2.42 4. 94 6, 54

the extreme angle under long trigger pull conditions, while more are achieved
with the moderate grip under short pull conditions. Furthermore, the

greatest difference in mean number of hits is found with 4 second trials using
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Table 25,

Significant Effects on Number of Hits for Grip (G), Slack (S),
Force (F), Hold (H), Range (R), Time (T) and Motion (M)

Source Sum of Squares® K-S % Mean Squares F 2
s 1561, 230 1/15 1561, 230 5. 32 < .001
F 881. 938 1/15 881,938 17. 88 < . 001
H 167,814 1/15 167,814 8. 72 .010
R 7101, 797 2/30 3550, 898 143, 56 <001
T 10890. 191 1/15 10890, 191 151, 74 <. 001
M 678. 754 1/15 678, 754 71, 55 <. 001
GxS 99, 188 1/15 99, 188 7. 46 . 016
SxF 116, 408 1/15 116, 408 6,87 . 020
SxR 40, 057 2/30 20.028 6. 71 . 004
FxR 57. 508 2/30 28, 754 4, 84 . 016
SxT 494, 083 1/15 494, 083 41,67 <, 001
FxT 176. 333 1/15 176, 333 15. 01 . 002
HxT 65, 333 1/15 65, 333 11. 52 . 005
RxT 1043, 509 2/30 521, 755 97. 14 <, 001
SxM 19. 380 1/15 19. 380 15.97 . 002
RxM 49. 048 2/30 24. 524 3,58 . 041
SxFxH 22, 345 1/15 22. 345 7.70 . 015
GxSxT 53, 657 1/15 53, 657 13,67 . 003
SxFxT 32, 505 1/158 32,505 6. 57 . 022
FxRxM 15, 301 2/30 7. 651 3,73 . 036
HxRxM 17. 791 2/30 8. 896 3.40 . 047
GxFxHxT 9. 408 1/15 9. 408 5.99 . 028
SxFxHxT 9.187 118 9.187 8. 43 . 011
GxSxFxRxT 32,110 2/30 16. 055 6. 42 . 005
GxSxHxRxT 20. 607 2/30 10, 304 4.75 . 017 !
GxSxFxRxM 37.775 2/30 16, 888 7. 44 . 003 '
GxSxFxHxR xTxM 24,969 2/30 12. 484 5,75 . 008

YError sums of squares are not listed.
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a short trigger pull, with the moderate grip angle yielding one full hit
per trial more than the extreme grip. If these are truc effects, it would
suggest that the moderate grip is more compatible with the short pull in
terms getting off shots than is the extreme grip.

Trigger Slack., The overall effect of trigger slack was highly
significant (p <.001), favoring the short pull with mean hits per trial
avexraging 3.36 and 4. 79 for long and short pull conditions, respectively.
This difference may be attributable to 2 factors: greater aiming stability
(as shown earlier to favor the short pull) and greater case of firing, Both
of these would contribute to a greater number of hits for a given trial,

Three of the more highly significant interaction effects also involved

trigger slack. A slack x range interaction (p = . 004) shown in Table 28
suggests that the drop in number of hits with increasing range is greater

Table 28,

Mean Number of Hits for Long and Short Trigger Pulls
over Different Target Ranges

10 meters 25 meters 40 metcrs
Long pull 5.29 2.93 1. 87
Short pull 6.90 4.50 2.97

from 25 to 40 meters for the short pull than for the long pull. This may
be attributable to a floor effect; that is, the long pull conditions may have ‘

shown an equivalent drop st these ranges had they not been approaching the
limit of "0" hits, which limits the decrement in performance,




A similar explanation might apply to the slack.x motion interaction

(p = . 002) shown in Table 29. This effect shows mean number of hits decreasing by

0. 78 for the long pull with moving targets as compared with a decrease
of 1.10 for the short pull,

Table 29,

Mean Number of Hits for l.ong and Short Trigger Pulls
over Stationary and Moving Target Conditions

Stationary Moving
Long pull 3.75 2,97
Short pull 5. 34 4, 24

The clearest demonstration of the 'floor' offect occurred with the

slack x time interaction (p <.001) and is depicted by Table 30, A sub-

T .bl‘ 3 00

Mean Number of Hits for Long and Short Trigger
Pulls over Two and IFour Second Target Exposure Times

9

2 Seconds 4 Seconda
Long pull 1.88 4. 84
Short puil 2.%0 7. 07
-102-
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stantial difference in mean number of hits is found between long and

short trigger pulls with 4 second targat exposures, but the difference is
considerably less under 2 second conditions. The fact is that 2 second con-
ditions allowed time for a very limited number of shots (hence hits) in general as
compared to 4 second trials, so that weapon configuration differences would

be limited to within this amaller range.

All three of the interactions mentioned abouve, then, appear to be
reflective of natural limits imposed by the more difficult target conditions,

Such factors are probably opsrative in many of the significant higher order
interactions listed in Table 25.

Trigger Pull Force, As was the case with trigger slack, pull f~rce
exerted a highly significant overall effect on number of hits (p <,001), the
light pull producing a mean of 4. 51 as compared to 3, 54 for the heavy pull,
Again, greatar aiming stabllity and greater ease of firing with the light
pull probably combined to produce this difference,

The slack x force interaction due to the virtually inoperative heavy pull
on the short, "heavy' pull conditions was found to be significant (p » . 02 ) for
number of hits, as it was for the previously discussed performance measures, As

Table 31 shows, a substantial drop in mean number of hits occurs from light

Table 31,

Mean Number of Hits for Long and Short Trigger Pulls over
Light and Heavy Trigger Pull Conditions

Light pull Heavy pull
Long pull 4.09 2,63

Short pull 50 13 4. 45




:

to heavy pull with the long pull configuration, while the decrease under
short pull conditions is comparatively small,

The force x time Interaction (p = ,002) is shown in Table 32, Here

Table 32,

Mean Number of Hits for Light and Heavy Trigger Pulls over
Two and Four Second Target Exposure Times

2 asconds 4 seconda
Heavy pull 1,90 5.18

again we ses the limitations inherent in the 2 second trials diminishing the
difference in mean number of hits between light and heavy trigger pulls.
Since fewer shots can be fired with any configuration in 2 seconds than in 4,
differerices in firing rates (hence, hits) will cause mean differences to in-
crease as tirmne to fire increases.

Hold, The 2-hand hold was superior to the 1-hand hold on number
of hits (p = .01), with overall means of 4. 31 and 3, 84, respectively, This
effect can probably be attributed solely to the demonstrated superiority of
the 2-hand hold with respect to aiming steadineas, thus reflecting fewer
misses. There is no reason to beliave that hold affects number of trigger
pulls,

The hold x time interaction (p = . 005) shown in Tahle 33 is similar

Table 33,

Mean Number of Hits for One and Two Hand
Holds over Two and Four Second Target Exposure Times

2 second 4 second
1-hand 2.10 5,58

2-hand 2.28 6,33




to those discussed sarlier with respect to trigger slauck and trigger pull
force, with difforences In number of hits increasing as more firing time
is allowed.

Target Range. The overall sffsct of target ranga was easily pre-
dictable and highly significant (p <,001). Mean number of hits per trial
were 6.09, 3.17 and 2,42 for the 10, 25 and 40 maeter targets, respactively.

As expected, then, more hits were accumulated on closer (larger) targets,

The significant range x time interaction (p<.001) is shown in
Table 34. This again reflects increasing mean differences with increasing

Table M.

Mean Numbar of Hits for Different Target Ranges over
Two and Four Second Target Exposurs Times

sconds 4 _seconds
10 meters 3. 47 8.71
25 meters 1.88 5. 54
40 meters 1.23 3.62

time to fire between conditions producing diffsrent hit rates.

Target Exposure Time. Needless to uir. the overall effect of target
exposure time was highly significant (p <,001), with 4 second trials produc-
ing many more hits per trial than 2 second conditions. Overall mean number
of hits were 2,19 and 5,74 for 2 and 4 second trials, respectively. Relevant
interactions luvolving target exposure time have been covered in discussions
of the effacts of other variables,

Target Motion, Stationary targets produced a significantly greater
mumber of hita per trial than did moving targets (p <.001), with overall l
means of 4.55 and 3.61, respectively. This is undoubtadly attributable to

-105-

o




the greater aiming variability, particularly along the horizontal dimension,
produced by the tracking of horizontally moving targets.

6. Effects of the Independent Variables on Time to First Shot

Time to first shot (from trial onset), expressed throughout this
discussion in milliseconds, describes how quickly subjects are able to
fire their first shot under specified trial conditions. Table 35 lists all
significant effects on this variable, while Table 36 shows mean time to first
shot for sach of the 192 target conditions,

Grip Angle., This study produced no overall difference in time to
first shot attributable to the moderate va. the extreme grip angle., Further-
more, no {nteractions involving grip angle axceednd the .01 level of signifi-
cance. It is concluded, then, that grip angle plays little if any part in
determining how soon the first chot is fired during a trial.

Trigger Slack. The overall effect of trigger slack on time to first:
shot was not found te be significant (p = . 064), but it should be rentioned
that the mean difference, 1139 milliseconds for the long pull ve. 1107 milli-
secunds for the short pull, might reflect the sligh: time differential from
onset of trigger pull to detonation between the 1/2 inch (long) and 1/32 inch
(short) pulls. '

No interactions involving trigger slack exceeded the , 01 level of
significance.

Trigger Pull Force. A slight effect (p - . 03Z) was also found for
trigger pull force, Although not exceeding the . 01 significance level, this
difference was in the direction one might expect, with mean times to first
shot of 1100 and 1146 milliseconds for the light and heavy pulls, respectively.
This would seem to indicate an overall difference of 46 milliseconds in
""aquease'’' time favoring the light (5 1b,.) pull over the heavy (12 1b. ) pull force.
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Table 35,

Significant Effecta on Time to First Shot of Grip (G), Slack (S),
Force (F), Hold (H), Range (R), Time (T) and Motion (M)

Source Sum of Squares* d. f, Mean Square F P
F 1588808, 0 1/15 1588808, 0 5,63 . 032
R 22060352, 0 2/30 11030176.0 64,18 < ,001
T 10291446, 0 1/15 10291446,0 171,67 < . 001
FxH 434697.2 1/'5 434697.2 6,29 . 025
RxT 403050, 6 2/30 403050, 6 4, 14 . 026
SxM 209335,5 1/15 209335,5 6. 36 . 024
TxM 8210556, 0 1/15 8210556.0 42,94 <.001
GxSxM 119393.9 1/15 118393.9 6,03 «N27
RxTxM 780638, 4 2/30 390319, 2 7.70 .003
GxSxF xR 404466,0 2/30 202233,0 5,05 .013

*Error sums of squares not listed,
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It must be recalled, however, that thers was apparently no 12 1b, pull
‘. force operating in ths short pull condition. In this case, the effect of
trigger pull force should be reflected in a slack x forcs interasction effect,
While this effect was not significant (p = ., 187), it doea seem, at least
partially, to indicate a triggor pull force effect as shown by Table 37,

Table 37,

Mean Time to First Shot in Milliseconds for Long and Short
Trigger Pulls over Light and Heavy Pull Conditions

e T ST

Light pull Heavy pull
Long pull 1107 1171
Shert pull 1094 1120

For the long pull, timas to firat shot increases by 64 milliseconds from

light to heawy pull force ccnditions, For the short pull there ia a correspond-
ing increxse of only 26 :nilliseconds. It seems clear, then, that the greater
part of the overall difference between light and heavy trigger pull force occurs

within ] n, pull configurations whe:e the heavy pull was known to be operative.

Hold. 'The one and tw.u hand holds produced no overall differences in
time to first shot, Furthermove, no interactions involving hold exceeded
the .01 level of signiticauce, It seems safe to conclude from this that hold

is not a signific nt fe.rlor in ¢ stermining time to first shot.

Target Range. The main effect of target range on time to first sh-t
was highly significant, with 10, 25 and 40 meter targets showing mean timee

of 1014, 1134 and 1221 milliseconds, respectively. It is clear from this

that subjects took more time to zero in on targets at greater simulated dis-

tance (hence, smaller target size). This corresponds with the fact that aim-

ing steadiness following the first shot increased as target distance increased.
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Both of these findings reflect greater care on the part of subjects in aiming

at more distant (smaller) targets, undoubtedly to increase their chances
of scoring hits.

One notable interaction involving range was the range x time x motion

effect (p = . 003) described by Table 38, The effect is most clearly pictured

Table 38,

Mear Time to First Shot in Milliscconds for Different Target
Ranges over Two and Four Second Exposure Times for both
Stationary and Moving Targets

Stationary Moving
2 seconds 4 seconds 2 seconds 4 seconds
10 meters 917 974 913 1192
25 meters 1181 1158 1003 1194
40 imeters 1271 1305 1074 1261

in Figure 30, which shows a steeper rise in time to first shot for the 10 meter
moving target from 2 to 4 second exposure times than is true for 25 and 40
meter moving targets. In fact, the 4 second moving target condition is the

only one in which first shot time for the 10 meter target is not clearly faster

than that of either of the longer ranges, This can probably be attributed to

the fact that 10 meter moving targeta under 4 second exposure time conditions
are the only ones which initially appear at the extreme edges of the screen,

In such cases, subjects may be somewhat delayed in their perception of trial
onset, Whether or not this is true, it is certain that the distance traveled

by the weapon from ''ready" position to the target is greater for this condition.
Either or both of these factors would serve to delay time to first shot,
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Zazze: Exzepure Tine, Empecure time was a highly significant
factor (p <.001) in he detorminatien ¢f ticse %o firet shot, Owverall .nsans

for the 2 and 4 second targot exposure times were 1065 and 1181 milliseconds,
respectively, Clearly, subjects did aot hurry thoir shots as much when 4
seconds were available for firing.

However, we must recall that only under moving target conditions
wers the subjects aware of how much time was avallable to them for hitting
the target --the distance from target to bar light and target speed allowing
them to make such an sstimate, With stationary targets there was no clue as
to how long the targets would remain available, For this reason, differences
in initial shot time between 2 and 4 second conditions would be expected to
appear only on moving target trials. The trial x motion interaction (p <, 001)
described by Table 39 shows that this wes indsed the case. Virtually all of the

Table 39,

Mean Time to First Shot in Milliseconds for Two and Four
Second Trials over Stationary and Moving Target Condlitions

Stationary Moving
2 seconds 1143 _ " 997
4 seconds 1146 1216

difference in time to first shot between 2 and 4 second trial conditions occurs
with moving targeta. Subjects cluriy tended to hurry their firet shot when
thoy were sware that only a short time was available for hitting the target.

Target Motion, If the effect of target motion on time to first shot
ware to be predicted, it would probably be assurned that more time would be
taken to fire at moving targets, since motion should sdd to the difficulty of
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seroing in. I amything, mean time to fivet shot indicates the opposits for
this study, with means of 1140 and 1106 milliseconds for stationary and
moving targets, respoctively, Thic difference (p = ., 076) approaches, but
does not achieve statistical significance at the .05 level, Part of the
reason for this appareat reversal of the expected effect was alluded to in
the discussion of target exposure time, Table 39 refiected the fact that
only under moving iargst conditions were subjecta able to judge trials as
being Z or ¢ seconds in duration, and tunded to rush their firet shot omly
for 2 second, moving target conditions, It fs interesting to note that with
stationary triale, where trial duration could not be determined, mean times
to first shot wers substantially longer than for the 2 second, moving target
trials. Rather than taking a ""safe' approach and assuming 2 second dura-
tions for stationary trials, subjects apparently assumed the optimistic posi-
tion that targets wouid remain long snough to be aimed at and hit, This is
also reflected In the fact that the raajority (12 out of 17) of trials in which
subjects failed to fire a shot were 2 second, stationary target conditions.
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VIl. SUMMARY AND CONCLUSIONS

A. Summary of Results and their Implications

A capsule summary of what are considered to be the major results
is presented in Table 40, Scanning the row labeled '"Grip Angle", it
can be seen that the effect of this variable on our perforrnance meacures
was generally negligible, with the possible exception of horizontal aim
dispersion, the moderate grip angle showirg somewhat greater horizontal
aiming steadiness than did its more extrerie counterpart. The extreme
grip angle as defined for this study is eirilar to that of the Luger., That
is not to say, however, that the total gri; configuration is equivalent to
the Luger grip. The similarity in this c.seis only concerned with the
acute angle formed by the forward edge «f the grip and a line perpendicular
to the center line of the barrel. The an;le formed by the rear edge of
the extreme grip was, in the study, equiv.lent to that of the basic configura-
tion of the Caliber , 45 Automatic Pistol i 1911A1, resulting in a grip with
a smaller circumference than that of sit:er the standard . 45 or the real
Luger., This fact is mentioned here, si‘:e,in our earlier discussion of
the apparent superiority of the moderate grip angle on horizontal steadiness,
it was suggested that the relative '"thinn:is' of the extreme grip may have
produced less horizontal stability, If s::h is the case, we would not ex-
pect the same effect to occur with a totu ly simulated Luger grip, which

would have a greater circumference.,

The effect of trigger slack, as Tal 2> 40 shows, was significant on all
performance measures except time to frst shot, reflecting in each case

the superiority of the short pull. The 03 inch trigger pull produced greater

overall aiming steadiness, a higher pi'centage of hits and a greater
number of hits per trial than did the . 8inch pull, There was also a trend--

while not quite achieving statistical ¢ ;nificance -- favoring the shor:
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pull on time to first shot, Clearly, then, the short trigger pull is

superior, perhaps in every respect, to the long pull with this particular
type of weapan, It is not certain from these results, however, whether

this would hold for weapons with different basic configurations; for example,
weapons having triggers with a greater finger contact surface or a dif-
farent center of gravity, Also, the slack distances compared in this study
ware extreme. It may be that certain advantages would appear with inter-
mediate triggar pull lengths -- falling somewhere betwesen the . 03 inches and
+ 48 inches tested in this study.

The light (5 1b, ) trigger pull was also found generally superior to
the heavy (12 ib. ) pull in aiming steadiness, nurnber of hits and, to a
lesser degree, percent hits and time to first shot, As mentioned earlier,
these overall differences were probably attenuated by the fact that the
short, "heavy' pull trigger assembly, infact, was similar to the short,
light pull, at least by the end of the study., Therefore, it must be con-
cluded that the effect of trigger pull force under short (. 03 inch) pull condi-

tions was not adequately tested, Furthermore, as was mentioned with
respect to trigger slack, it cannot be automatically assumed that the
effects of pull force found in this study would necessarily hold for weapons
having characterristics other than those found in the basic test weapon used

for this investigation.

The 2-hand hold was clearly superior to the 1-hand hold in aiming
steadiness and shot accuracy, although it did not affect time to firat shot.

This hold appears to be the best, then, particularly when accuracy is
paramount. For quick, close-up confrontation situations, however, the

1-hand hold might be equally efficacious,

Target range affected all performance measures significantly. Closer
(larger) targets, while promoting greater aim dispersion, were hit more
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frequently, a greater psrcentage of the tirue, and were shot at more i
guickly. Since aim dispersion wus a much less significant factor |
in determining hits for large targets, it can be said that weapon vari-

ables affecting aim disparsion assume less importance in close con-

frontation situations,

Longar target exposure time tended to increase slightly the overall
aiming and shootinug efficiency of subjects in this study. Time to first
shot results indicated that subjects tended to rush their first shots when
they were aware thai targets would remain for only a short (2 second)

duration,

Target motion greatly increased the magnitude of aiming dispersion,
particularly the horigontal, the dimension along which targets move,
thereby decreasing percent and number of hits per trial. This increase
was particularly noticeable for the 10 meter target, whooe '"real' motion
was considerably faster than target movement at longer ranges, Time
to first shot was quicker for 2 second moving targets, and slower for
4 second conditions as opposed to no difference between 2 and 4 second
stationary targets. This can be attributed to the fact that only under
moving target conditions were subjectx able to estimate tnrget exposure ,

time, |

B. Conclusions .
From the results sumrriarised above (and in Table 40) it is evident that
for the Caliber , 45 Automatic Pistol M1911A1, the short, light trigger

pull with a moderate (standard) grip angle was generally superior to other

configurationa represented in this study. As it happens, this combination
represante the standard . 45 pistol as currently manufactured, Therefore,
no recommendations for change on the variables tested can be made for

this particular weapon.
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C. Directions for Future Study

Since this study dealt with only two levels of each of the three
weapon configuration variables tested, performance curves on these
variables could not be generated. Taking trigger slack as an example,
it might be assumed that the difforence in aim dispersion found between
long and short trigger pulls represents a linear increase in dispersion
from ,03 to . 48 inch pull distaiices. Since no intermediate slack dis-
tances were employed, however, such a conclusion at this time repre-
sents no more than a Juess, It may be desirable, then, to employ inter-
mediate slack distances in future studies to determine the true nature of
this function, The same is true regarding the superiority of the 5 1b,
trigger pull force over the 12 1b. pull, If this main effect of pull force
is linear, it would suggest reducing pull force to even less than the
5 1b, force currently employed. On the other hand, if the function is
non-linear, an as yet untested pull force might prove to be optimal,
Again, only further research on different levels of the pull force dimension

can resolve this question conclusively,

Further study would also be necessary to determine the true relation-
ship between slack and pull force, since the short, heavy pull condition
was not adequately represented in this study, It maybe that a 12 1b, pull
force is, in fact, not significantly inferior to the 5 1b, pull with a pull
distance of only , 03 inches. Studies might he designed to confirm or reject

this possibiliiy, and also to determine optimal slack-force combinations,

It has not been conclusively shown that the trigger slack, pull force

and grip angie levels found to be superior in this study would be equally so

for other styles of handguns. For example, the Luger, a weapon generally ‘
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held in high regard, has & more extreme grip angle, longer trigger
slack and greater pull force than the standard , 45, Nevertheless, it
is thought by many to be a more efficient weapon.

As noted sarlier, its grip angle at the front edge of the grip is
similar to that of the axtreme grip angle employed in this study, which
proved to be inferior, if anything, to the standard .45 grip with respect
to horisontal aiming accuracy. Tke Luger, homvoi. also has a more
extreme angle at the rear surface of the grip, thereby giving its grip
a greatsr circumference than that of the test weapon in its extreme
grip configuration, If, as suggested sarlier, circumference, rather
than grip angle, was responsible for the apparent inferiority in horizontal
steadiness, the effact would not hold for the actual Luger grip.

While trigger pull force for the typical Luger is in the neighborhood
of 12 lba., the ''feel'" is that of a much lesser force when compared to
that of ouyi test weaponi. One reason for this is the design of the trigger
itself, wiilch is,for one thing, wider than that of the .45, allowing force
to be distributed over a greater surface of the finger. This, along with
other features of the trigger dosign, might obviate the undesirable effect
of the heavy pull on aiming accuracy found in this study,

Another difference between the Luger and the . 45 concerns the loca-
tion of the center of gravity (CG) for each weapon. The CG of the Luger
{s more toward the rear of thes weapon, which feels as though it is balanced
on the top of the hand. The possibility exists that this ''rearward" CG
might considerably dampen the delaterious effect of longer trigger slack

on alm dispersion which was found in our study. Typical trigger slack
distance for the Luger is in the neighborhood of 1/8 inch, discriminably
greater than the . 03 inches used for our short pull,
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It may be, of caurse, amecdotal information notwithstanding, that

v; e Luger coafiguration is actually inferior in accuracy for reasons in-

' volving its slick, pull force and grip angle. If more hits are actually
scored in the fisld with this weapon than with the . 4%, it may be attribut.

{ able to the overriding effect of differences in recoil or other factors not

: tested ir: this study. In any case,further laboratory siudiss could bs de-

signed to settle these questions or those raised by comparison of the

. 45 design with that of any othe: type of pistol. '
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APPENDIX 1

Description of Equipment

A, Introduction

The purpose of this Appendix is to provide detailed information con-

cerning the equipment used in this study. The material here is organized

along the same lines as Chapter IV, C., in that various subsystems

(assemblies) of equipment are treated here separately. The content is

rimarily factual and contains descriptions and photographs of the :
equipment and in the case of manufactured items, nomenclature is l*
provided, On occasion, where a design rationale seems appropriate,
it is also given,

B, PDW Test Weapon(s)

1. Deasigned and fabricated by the Bellmore~Johnson Tool Company,
Hamden, Connecticut,

2. Basic configuration resemblzss the Caliber ,45 Automatic Fistol
MI1911A1, The test weapon lhaofl a continuous beam of IR light (nonvisible
spectrum) from the time the power is turned oa to the time power is shut off.
In other words, the trigger does not control the light beam. The IR beam
is produced by a small arc lafnp filtered through an IR pass filter. The IR

beam is focused to a spot size of 0, 08 inches in diameter which in the con-
text of this experiment is 0, 67 mils,

When the spot is recorded photo-
graphically, it appears as either a short trace or a ''roundish'spot depending




upon the amount of weapon movement at the instant of recording. The

test weapon does not fire a projectile nor does it produce either recoil

or an auditory report to simulate an actual weapon, However, in order

to provide the shooter with a signal that he has ''fired, " an auditory "pop''
is generated by a Dynakit Mark III amplifier each time the trigger is pulled.
This ''pop" is easily detectable but in no way approaches the loudness of a

weapon report,

The test weapons function similarly to real weapons. For example,
to succesnsfully fire the test weapon, the subject must hold it properly so
the grip safety will function; further, the subject must fully release the
trigger after 'firing' as is the case with the M1911A1, or the device will

not fire again.

The detailed descripticn of the test weapon characteristics and it:

subassemblies is given below,

‘ Overall dimensions are identical to the Mi911Al, except in
the length of the '"'barrel."

. Weight is approximately 2. 5 pounds and almoat the same an a
loaded M1911A1 weapon,

’ The balance and center of gravity of the test weapons are al-
most identical to the M1911A1,

. Figure 31 shows the major subassemblies of the experimental
PDW.

3. DBarrel and Lens Assembly (including the slide)

. Overall length 14-3/4 inches
. Arc Lamps
- Sylvania Concentrated Arc Lamps

-~ 2-Watt Tungsten and Zirconium
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. Power Supply for Arc D.n;p. manufactured by G, W, Gates
and Company, lLong Island, New York,
. Lens Assembly
- Length 2,5 inches (at the muzz)e)
-= Adjustable focus with locking ring.
- Lenses
«= Diameter(s) 19 mm
== Front, converging Achromat, FL 92 mm
«= Rear, diverging Achromat, FL -30 mm

« Infra-red filter at the muzzle (used for experimentation)

« 89B-IR visual opaque Wratten Gelatin Filter (Kodak) |
i
. Training filter at the muzzle |
=  #52 green Wratten Gelatin Filter (Kodak) 1
. Training Goggles |
- ' American Optical Company
«  Variable Density No, 74-G-79-40 with red plastic

visor,

4. Sight System

. Sight Radius 7 inches
. Front Sight is the square front type
. Rear Sight
-  Adjustable for range and windage
-  Type of sight - Smith and Wesson - type used vn the
S4W K series revolver with a square notch
. The sight rib is parallel and concentric with the barrel
‘and lens assembly and are dove-tailed together by the barrel

bushing at the front end of the slide (tolerance - £ , 001 inches),

5. Slide
. Length 7.69 inches
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6. Frame

. Two standard M191 1Al frames were purchased.

. The grip angle of one {rame was modified to simulate the
grip angle of 4 Luger, This modification plus the unmodified
frame provides the capability of two grip angles for the PDW
Test Weapon,

Grip Angles are Jdefined as the acute angle formed by the

forward edge of the grip and a line perpendicular to the center
line of the barrel,

= The values of the Grip angles are:
Moderats Grip Angle 17,59 (M1911Al)
Extreme Grip Angle 30° (lLuger)

i e —

. The interchange of grips can be accomplished in less than
2 minutes,

. Cable providing power to the test weapon is inserted through
the lower end of the grip where the magaxine is inserted in

a normal weapon,

7. ‘'arigger Group

. All combinations of two levels of trigger slack and trigger

pull force are provided through four trigger group assem-
‘ blies.

. The values of thiu variables are:

Trigger slack «03 inches and . 48 inches
Trigger pull force 5 pounds and 12 pounds

. The trigger group aseemblies are designed to facilitate
interchange in a short period of time--less than 2 minutes,
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8. Materials

The materials used in the fabrication of the PDW Test Weapon
include:

. Standard M1911A1 frames

. Trigger Group assemblies con:ist primarily of steel parts

. Barrel is made of aluminum and both the inside and outside
diameters are anodised black,

. Slide is fabricated from phenolic filled linen, This material
was selected because of its resistance to changes in tempera-

ture and humidity and becausae it can be accurately machined,

9. ZIolerance

In genera), standard '"gun" tolerances were employed in the fabri-
cation of the weapon, and surface finishes were a minimum of 32 RMS
smoothness, In sormne cases where accuracy was critical, such as the
interrelationship between the sights and the lens assembly, tolerances

of ,00] inches were employed. In other cases tolerances of , 003 inches

were utilized,

C, Stimulus Presentation Subsystem

1. General

Stimull or targets are presented by projacting them on a curved
screen with a slide projector, Target movement is obtained by mounting
the slide projector on a motor driven turntable, Three different target

slides were used to simulate target ranges of 10, 25, and 40 meters. The

targets were similar to the standard sithouette E targets, differing only
in that the curved edges (rounded corners) of the E targets were eliminated ‘
and "square" corners were substituted, However, overall target dimen-

sions and proportions were maintained, A Control Unit, to be described
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in paragraph E of this Appendix, controls the various stimulus prasenta~
tion functions such as target exposu.e time and speeds of moving targets,
etc, The turntable and slids projecior are mounted on a stand which is
bolted to the floor, As part of this subsystem, there is also a "Shooting
Table'" on which are mounted a pair of "Bar Light" projectors, The pri-
mary function of the Shooting Table is to hide the slide projector and
turntable position from the view of the test subjects to prevent them re-
ceiving any cues as to the nature of the trial they are about to perform,

A curtain, located on the subject's side of the Table, prevents him from
looking under the table and receiving cues in that manner, The table
also serves as a mount for the "Bar Light" projectors and as a place to
lay the test weapon between trials, The "Bar Light' projectors are used
only during trials in which there is a moving target, Their only function
is to project a vertical bar of light approximately 3/4 inches wide and

30 inches high at the screen, The bar of light indicates, to the subject,
the terminal position of the moving target, When the leading edge of the
moving target touches the bar of light, the target and bar of light are

extinguished, Thus, the bar of light simulates a point of cover to which
the target is "running," Only the bar of light representing the target's
terminal position is visible on a given trial. The Bar Light projector

is positioned manually prior to a trial in a predesignated position, Light
weight cardboard hoods hide the position of the projectors from the subject

to prevent their acquisition on trial cues,

The following paragraphs specify the pertinent details of the sev~ 1

eral components of the Stimulus Presentation Subsystem.

2, Turntable

The Turntable is best descrihed by Figure 9, It consists of two
heavy aluminum plates, a ball bearing raoce, a small electric motor and a

potentiomoter (not visible in Figure 9). The lower plate is semicircular
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and has a thin, hard rubber semicircular tn;:k for the drive motor to
run over, The ball bearing race is mounted on the lower plate. The
upper plate rides on the ball bearing race and is cantilevered forward
from the center of rotation of the ball bearing race. The motor and
potentiometer are mounted on the upper plats, As can be seen in
Figure 9 (center), the motor is "suspended' {rom the upper plate so
that its drive shalt rides on the rubber track on the lower plate, Thus,
as the motor's drive shaft travels around the track, the upper plate moves
with the motor, Two idler wheels, mounted from the upper plate, ride
on the lower plate and prevent binding caused by the upper plate and the
cantilever design, The potentiometer provides the control unit with

continuous information as to the position of the Turntable,

The nomenciature of the Turntable motor and potentiometer are:

. Motor - 12 volts DC, Model No, TRW 5A540-4

. Potentiometer

3, Slide Projector

+» Kodak Ektagraphic RA-960
. Lans - Kodak projection EKTANAR LENS (5 inch) £/3,5
. Mounted such that the center of the lens is:
= 31,25 inches above the floor
- 99,75 {inches (horizontal) from the projection screen
Angle of elevation 13,75° above the horisontal
= The long axis of lens is ¢oincided with the Turntable

radius,

4, Target Sliden

. E type silhouette - modified (see background of Figure 10)
. Target slides are devigned to correct for distortion at the

screen due to the 13, 75° projector angle
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+ Height of target images at the screen
= 49 metsre, 3,05 inches
~ 25 meters, 4,88 inches
= 10 meters, 12,19 inches
' Height of top of target above the floor
- 40 moters, 63,10 inches .
= 25 meters, 61,95 inches l?:i:;;‘tl :?:g:mh“
« 10 maters, 57,38 inches
« Filter over target slides - Kodak Wratten Gelatin Filter #52,

Bar Light Projectors (2)

. Located on the right and left ends of the Shooting Table
. Taylor Merchant Micro Projector
« Model 300, 100 Watts, with Model A aperture adapter
- Lens: TMC Rohar Micro Lens 1:2.8, f= 60 mm
. Filter over Bar Light Slide - Kodak Wratten Gelatin Filter #52

Shoothm Table

+ See Figure 10 for configuration
. Height of top surface 42,75 inches
. Dimensions
« 15,5 inchea x 72 inches
»  Radius of curved portion 33 inches

Projection Screen

. Beaded Screen 8 feet x 2] feat
. Mounting frame - Manufacturer Nick Mulone and Son,
Cheswick, Pennsylvania

=  Radius or curvature 9 feet 6 inches
~  Arc of curvature 127 degrees

. Screen mounted to frame with tension springs.
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D, Data Recording Subsystem

1, General

Data recording is accompnlhed through the means of a movie
camera with IR sensitive film and a timer/printer to record the time of
each trigger pull. The movie camera is mounted on the Turntable beside
the slide projector (see Figure 9) and aimed to photograph the area of the
screen covered by the slide projector, The juxtapositions of the camera

and slide projector remain constant throughout all conditions,

To aid in correlating the timer/printer records with the film
record, a "Shot Pulee" LED was utilized, From Figure 9, it can be
seen that the LED is mounted on a boom in front of the camera and in the
camera's field of view, The LED looks at the camera. Tha LED emits
IR light, When the trigger is pulled, the LED emits its light for a period
of 0,04 seconds, This produces a large black '"cannonball" (shot pulse)
in the lower right corner of the film frame in which the trigger was pulled,
Figure 12 shows the nature and location of the cannonball (shot pulse) as
it appears to the film analyst, The shot pulee clearly identifies the {rame
asvociated with the trigger pull, The duration of the LED's "on" time is

long enough to assure that it will span the time gap between successive
film frames. Also, the shot pulse duration is short enough that it might

appear on two successive frames but never on three,

For convenience and speed of running test trials, two movie

cameras ware employed, The following paragraphs specify the pertinent
details of this subsystem's components,

2, Cameras (2)

. Paillar Polex 16 mm
. Model H 168

. Frame spead set at 20 frames/second
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. Lana
- Lytar Som Berthiot (1:1.8 F = 25 N21215)
- VFoetopratatl],8
= Focal distance setting 9 feet
. Mounted such that camera lens is:
- 36,75 inches above the floor
- 99,25 inches (horizontal) from the'projection scraen
~ Angle of elevation 10 degrees above the horizontal
« 7.5 inches to the right of the projector lens
. Filter - Kodak Wratten Filter #25
. Film - Kodak high speed infrared film 2481 (black and white)
- Estar base for 16 mm High Speed Camera (125 feet/roll)
« Eastman Kodak, Rochester, New York
. Power Supply for Camera
- Model 865B: 0~40 volts, 2 amps, Hurrison lLaboratories,
Inc,, HBerkley Heights, New Jersey

3. Timer/Printer (Figure 32)

. Digital Printer - Model (10, 1 amp, 115 volts, Newport
laboratories

4. light Emitting Diode (LED)

j . Monsanto MEZ2 (Infrared)

E., Conizol Unit Subsystem

. Gerneral

The overall control of test trials, including stimull presentation
and data recording, is accomplished through three items of equipment located
on the Experimenter!s Control Desk, These items are tha Master
Control Unit, the Target Speed Regulator and the Target Selector (see
'Flgure 11).
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Figure 32, Time Counter and Pripter (Detail)
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The Turge: Gelector is simply & remote control unit for the slide
projector and its carouscl and permits the remote selection of the desired
target slide, The Target Speed Regulator is a powerstat variable auto
transformer and controls the motos that drives the Turntable. Because
we are simulating three target ranges on the screen, three different

speed or power settings are necessary, one for each target rangs,

The Master Contro)l Unit {see Figure 33) contains eight controls
and provides seven functions. Referring to Figure 33 and beginning on the
left of the panel, the functions are described below.

a. The toggle switch on lower left of the panel is the panel's
power ON/OFF switch,
b, The clock=-like control is a potentiometer and controls the

target!s initial position on the screen, That is, this control
makes it possible to move the Turntable and, Iconlequently.
the slide projector to a predetermincd position where the
target will appear at the desired location on the screen.,

¢, The toggle switch labeled "Time 2-4 sec" is a two-position
switch and destermines the duration of a trial,

d. The Start button activates a test trial,

e. The Reset button enables the Turntable to be repositioned
following the completion of a trial and prior to the next trial,

f. The '"Motion" N‘;ritch is a two-position toggle switch to select

either a stationary target condition or one in which the target

is moving. é
g. The "Range' control is nonfunctional, The Target Selector
and Target Speed Regulator have replaced this control,
h. The "Direction' switch is a two-position toggle switch which
determines the direction a moving target will move--to the
right or let:,
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A functional block diagram of the entire aystem of equipment
used to present stimuli and record data is shown in Figure 34, The

following paragraphs specify the nomenclature of the subsystem com-

ponents,

2. anget Selactor

. Kodak Carousel RA-950, Remote Control

3. Target Speed Regulator

. Powerstat variable auto transformer, Superior Electric
Company, Bristol, Connecticut

. Type 3PN 1168

+ Involts 120, Out volts 0-140, A-10

. KVA 1.4

4, Master Control Unit

. Designed and built by Reflectone, Inc,, Stamford, Connecticut
. Power suprly

- 32 volt, 2,5 amp

- Model HY~Z1-32-2,5, Hyperion Industries, Watertown,

Massachusetts

F, Data Reduction Subsystem

1. General

The raw data collected during the experiment were recorded on
16 mm movie film, and the paper tape produced by the timer/printer,
These data had to be correlated, reduced and somehow arranged ina
manaystle form for statistical analysis, By employinga 16 mm data
analysis projector and a "sonic digitizer' (supplied by U, S, Army HEL),

the raw data from the movie film were '""automatically' and directly stored
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on punched paper tape produced by the sonic digitizser's teletypewriter, Data
from the timer/psinter were manually correlated and inserted on the punched
paper tape by means of the teletypewriter, The raw data, on the punched
paper tape, were ready for further reduction and statistical analysis by a

computer,

b ‘The following paragraphs specify nomenclature of the equipment
comprising this subsystem,

2, Analysis Projector

. LW Photo Optical Data Analyzer Model 224-A, 16 mm.
- LW Photo, Inc., Van Nuys, California

. Lens ~- 2-inch Kodak projection EKTANAR lens, F 1,6

. Mounted such that projector lens is:

« 20 inches above the center of the frame image

~ 99,25 inches fron: the digitizer screen
) ~ 7,5 inches left off-set from center of frame image 1
-« Angle of depression 10 degrees below the horizontal
NOTE: This compensates for distortions introduced on the
film due to the way the camera was mounted on
the Turntable,

3. Sonic Digitizer (Supplied by U. S, Army HEL)

. Digitizer Screen, Serial No, 7379
-  Resolution -- 55 units/inch
. Omnitec Telephone Coupler
. Data Link Coupler, Model 1624
. Grai/Pen Sonic Digitizer, Model GP-2
. Stylus
. Teletypowriter, Model 33, equipped with

Punch and reader for l-inth paper tape data storage,
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G, Trial ldentification Materials

1. General

A systemn of Identification slides was developed and used to
clearly distinguish between test trials recorded on film, With these
slides each test trial could be associated with the subject who performed
the trial, Before beginning a trial, appropriate ID slides were displayed
on the screen and photographed with the movie camera, Therefore, the
record films contain both the trial ID and the trial performance, The

following is a list of type and number of various ID slides that were used:

Subject Code A-P (16)

Session Code 1 - 16 (16)

Trial Code 1-12 (12)

Trial Abort Abort (1)
The ID slides were stored in the projector's carousel and selected by
the Target Gelection unit, A push button switch was used to activate

both the slide projector and the movie camera simultaneously,

H. Visua]l Choice Reaction Time Apparatus

1. General

As part of the screening of subjects, candidates had to perform

visual choice RT tasks, Fighre 14 shows the equipment used for screen-

ing subjects, The apparatus functions as follows: when the experimenter

depresses one button on the stirnulus select unit, a small light on the re-
sponse unit opposite the corresponding button is illuminated, Simultane-
ously, the timer starts. The subject's task is to extinguish the light

as rapidly as possible by depressing the button associated spatially with

the light, When the correct button is depressed, the timer stops,
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I. Calibration Apparatus

1. General

Two types of calibration functions were conducted routinely
during the experiments, Prior to each per'iod of testing, the zero of the
test weapon was checked and, when necessary, the sights were adjusted I
appropriately, Zeroing was accomnplished by mounﬁing the test wcapbn |
on a bench rest,which in turn was mounted on a heavy-duty surveyor's
tripod, The azimuth and elevation of the weapon could be adjusted with
cranks on the tripod. A calibration target was placed ona wall, 8 feet
in front of the weapon's muszzle, and used as the aiming point (see
Figure 35), The procedure involved remaving the IR filter from the
weapon muzzle and placing the weapon on the bench rest. Then, using
the hand cranks on the tripod, the light spot was positioned squarely
on the cross hairs of the calibration target, within the small circle,
Finally, appropriate adjustments in elevation and windage were made
with the rear sight until a perfect sight picture was obtained with the
target's laxg= circle "sitting" on top of the front sight and properly
aligned with the rear sight,

Muzzle calibration (grooving) took place immediately prior to
every test trial, The procedurc for this calibration has been described
in Chapter V, B, 5, The materials and squipment used in this procedure
included a 35 mm camera mounted cn a tripod, the position ‘of which was
fixed, and a muzzle calibration chart mounted on the wall opposite the
camera, Also used in conjunction with the calibration chart was a
small piece of cardboard on which was drawn a "bracket'' representing
the acceptable size cf the envelope for the muzxle location. The bracket

represented a 4-inch envelope at the muzele, The bracket card could be

moved from one location to another on the calibration chart to correspond




Figure 35. PDW Mounted on Bench Rest for Calibration




with the location of any subject's envelope., While not necessary, the
bracket card was a convenience to the experimenter and facilitated the
procedure, '

The following paragraphs list equipment and material em-
; ployed to accomplish the several calibration activities,

2. Weapon Calibration ‘Zcrotnn

« Bench rest (see Figure 36)
= Designed.and fabricated by Bellmore-Johnson Tool Company,
Hamden, Connecticut
. Heavy-Duty Surveyor's Tripod (nondescript)
» Calibration Target
= Daesign (see sketch below)
- largecircle O,D, = ,70 inches
- Small circle O,D, = .25 inches
= NOTE: Diameter of Large Circle deterrmined emperi-

cally and represents the maximum vertical adjustment
of the rear sight at a cange of 8 feet {from the muszle,
The diameter of the Small Circle is arbitrary and is

approximately equivalent to 2 mils at 8 feet,

Sketch of Calibhration Target
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Figure 36. Bench Rest (Detail)



3.

L]

Mussle Calibration
M

3% mm Camera (nondescript)
Photographer's Tripéd (nondescript) ‘
Mussle Calibration Chart, designed so that the distance
betwesn the vertical lines WAS aquivalent to ! inch of
horisontal distance at the test weapon's poasition

(see Figure 21),

Envelope Bracket Card, designed a0 that the brasket
WAS equivalent to 4 inches of horisontal distance at the

test weapon's position, Masking tape was used to fix
the position of the card to the Mussle Calibration Chart,
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APPENDIX 2
Outline of Screening and Orientation Procedures for Subjects

A, Introduce Qurselves to Subjects
1. Review Payment Agreement and Arrangements

B. ree Procedures

1, Vision Test
«  Test Subject's Visual Acuity

¢. Perceptusl Motor Test
. Test Subjects Reaction Time

3. Subjects F!l1 Out Personal Data Form
4. Obtain Physical Measurements of Subjects

+ Height
. Weight with shoes and clothing
+ Hand Measures
- Length
- Breadth
C. Quientation

1. Background

» Soldiers have difficulties hitting tazgets with the Caliber
+45 M1911A1 Automatic Pistol,

« A need to supyply personnel who, because of their duties
cannot nr do not normally carry a rifle, with a PDW
with which to protect themselves in close combat situa-
tions. A PDW is a defensive not an offensive weapon.

2. Purpose of the Study

» To collect some basic information about how weapon and

target characteristics affect the ability of a shooter to
hit cargots.

. This ig the first of a number of studies to be conducted
on this topic.
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3, Objective of this Study

+» To Determine How Aiming Accuracy is Affected By:
~ Target Size (Range)
« Target Presentation Characteristics (Moving/Stationary)
- Weapon Configuration
+s Grip Angle
+s Trigger Pull Force
s Trigger Slack
= Hurnan Performance Requirements
o+ Time to Fire
++» Hand Grip (One Hand va, Two Hand)
e« Shooter Position (Standing)

4, Demonstrate Test Apparatus

. Pistol
- Configurations
e Two Grip Angles
«» Four Trigger Assemblies
- Light Spot
X With and Without F'ilter
. Moving Target
1 = One Condition (2 second, 10 meter)
«» Call Attention to Bar Light
. Show
-~ Traverse Assembly
« Cumera
- Projector
« Show Subjects Sample of the Filmed Data
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1 ! APPENDIX 3

Instructions for th¢ Visual Choice Reaction Time Screening Test

\ Subjects will be seated in front of the apparatus and instructed as
: follows:

"This is a test to determine how quickly and accurately you can |
respond to different light cignals, Use the firat two tingers of each .[
hand and rest one finger oo sach of the four buttons on this box., You
see that above each buttor i s a light bulb. Whenever one of these bulbs
lights up I want you to precs the button underneath it as quickly as you
can., This will turn the light off, and my stop clock will tell me how
long it took you. Any one of the four lights might blink on after you say
'ready's When a light does come on, you should only push the button
directly underneath it, If you push a different button or more than one
it will be a mistake, Roady?"

T o,

S G e
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APPENDIX 4

Personal Data Form

Subject: Name:

Age: — Race:__ Education; . years

Visual Acuity:

' Height: Weight: Hand Length: Hand Breadth!

(LR L L YL LRI ELELEYLE YR YT YT EALERTI LR ALY R YYD YR LY Y LY LYY Yy ¥

Anthropometric Characteristics of the General Ariny Population (1966)

Mean Sb 5th Percantile 95th Percentile
Height 68, 71" 2. 60" 64.49" 73. 06"
Weight 159.1 1bs.  23.35 lbs. 126, 32 1bs. 201, 88 1bs.
Hand Length 7. 49" o0, 38" 6. 90" 8.13"
Hand Breadth 3, s 0. 19" 3. 20" 3. 83"

ON - GROOVIN
Two Hand
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APPENDIX 5
Outline of Training Procedures

Sight Picture
1. Demonstrate Proper Sight Picture

2. Teach and Practice Weapon Zeroing
3. Center of Masa of the Target

+ Show Paper Targets with CM Marked

4. Prauctice Obtaining Sight Picture
« Use One Eye
» Use Tripod snd Calibration Target

Teach Shoo Positions

1. One Hand, Standing
. Grip
+ - Stance
+ Trigger Squeese
+ Practice

2. Two Hands, Standing
. Grip
. SQI.IICQ A

Trigger Squeeze
Practice

3. Muzxle Calibration
+ One Hand, Standing
. Two Hands, Stunding

Familisrization Firing
1. Shooting Situation

. Target
- 25 Meters
- Stationary
. Time

- Self-Paced - 3 Rounds
- Rapid Fire - 3 Rounds, 6 Seconds
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2.

Firing Session

Subjects Wear Red Goggles
Appropriate Filter on Pistol (Green)
Procedure
- All Subjects in a Training Group will Receive a Given
Test Situation in Rotation beforz a New Test Situaticn
is Presented
~ Detailed Procedures Prior to a Trial
es Self-Paced Trial
«= Give Instructions
«= Fire
-~ Score Hits and Provide Feedback
«o Rapid Fire Trial
«= Give Instructions
«» Fire
-~ Score Hits and Provide Feedback

- Follow Order of Presentation Protocol on Appropriate

Practice Firing Sequence Sheet




APPENDIX 6

: Practice Firing Sequences

This Appendix contains samples of the four practice sequenccs

used to familiarize subjects with the shooting characteristics of the
various test weapons.

‘ The sixteen subjects were divided into groups of four, and
each group was assigned to fire a different "Practice Firing Sequence'',

Each firing sequence required the subjects to fire all eight
weapon configurations with both the one hand and two hand stances.
For each weapon configuration and shooting stance, the subjects
fired: 3 rounds self paced fire and 3 rounds rapid {ire. Each
sequence required the subjncts to fire ninety-six (96) rounds.
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Subjact:

|

Practice Firing Soquence 1

Condition

Moderate grip angle
Long hravy pull
1 hand

Sclf-paced
Rapid

2 hand
Self-paced
Rapid

Long light pull

1 hand

Sclf-paced
Rapid

2 hand
Sclf-puced
Rapid

Short heavy pull

1 hand

Self -paced
Rapid

2 hand
Sclf-paced
Rapid

Short light pull

1 hand

Sclf-paced
Rapid

2 hand
Scif-paced
Rapid

Total

I T

| 1]

TOTAL MITS ____
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Extreme grip angle
Short light pull
1 hand

Sclf-paced
Rapid

Z hand
Sclf-paced
Rapid

Short heavy pull

1 hand

Self-paced
Rapid

2 hand
Self-paced
Rapid

Long light pull

1 hand

Self-paced
Rapid

Z hand
Self-paced
Rapid

Long heavy pull

1 hand

Self-paced
Rapid

2 hand
Self-pacnd
Rapid

Total

Hits

|

|

1]




Subject:

l

Practice Firing Sequaence II

Conditiop

Extremec grip angle
s Short light pull
2 hand

Self-paced
Rapid

1 hand
Solf~paced
Rapid

Short heavy pull

2 hand

Sclf-paced
Rapid

1 hand
Self-paced
Rapid

Long light pull

2 hand

Self-paced
Rapid

1 hand
Self-paced
Rapid

I;oong heavy pull

2 hand

Sell-paced
Rapid

] hand
Self-paced
Rapid

Total

Hits

A I I B

TOTAL HITS

Condition

Modcrate grip angle
Long heavy pull
2 hand

Sell-paced
Rapid

1 hand
Self-paced
Rapid

Long light pull

2 hand

Self-paced
Rapid

1 hand
Self-paced
Rapid

Short heavy pull

2 hand

Self-paced
Rapid

1 hand
Self-paced
Rapid

Short light pull

2 hand

Sclf-paced
Rapid

1 hand
Seclf-paced
Rapid

Total
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Practice Firing Sequence IIT

Subjoct:
Condition Hits

Moderate grip angle
Long light pull
1 hand
Scll-paced
Rapid
-2 hand
Sell-paced
Rapid
Short light pull
1 hand

Sell-paced
Rapid

2 hand
Sclf-paced
Rapid

Long heavy pull

1 hand

Sclf-paced
Rapid

2 hand
Sclf-paced
Rapid

Short heavy pull

1 hand

Sclf-paced
Rapid

2 hand
Self-pacced
Rapid

Total

AR A

TOTAL MITS

Condition

Extreme grip angle
Short heavy pull
1 hand

Self-paced

Rapid

2 hand
Self-puaced
Rapid

Long heavy pull

1 hand

Self-puced
Rupid

2 hand
Self-paced
Rapid

Short light pull

1 hand

Sclf-paced
Rapid

2 hand
Self-paced
Rapid

Long light pull
1 hand

Self-paced
Rapid

2 hand
Self-paced
Rapid

Tolal
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Practice Firing Scquence 1V

Subject:
Condition Hits

Extreme grip angle
Short heavy pull
2 hand

Self-paced
Rapid

'.l nand
Self-paced
Rapid

Long heavy pull
2 hand

Solf-paced
Rapid

1 hand
Self-paced
Rapid

Short light pull

2 hand

Self-paced
Kapid

1 hand
Sclf-paced
Rapid

Lang light pull
" 2 hand

Self-paced
Rapid

1 hand
Sell-paced
Rapid

Total

A | | O A

TOTAL NITS

Condition

Modcrate grip angle
Long light pull
2 hand

Sclf«paced .

Rapid
1 hand
Self-paced
Rapid
Bhort light pull
¢ hand

Self-paced
Rapid

1 hand
Sclf-paced
Rapid

lLong heavy pull

2 hand

Seli-paced
Rapid

1 hand
Self-paced
Rapid

Short heavy pull

2 hand

Self-paced
Rapid

1 hand
Sclf-paced
Rapid

Total
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APPENDIX 7

Instructions for Practice Firing

The following instructions were read to a subject cach time he pre-

pared to fire a serics of three rounds, cither self-paced or rapid
fire,

1. Seclf-Paced

""Get into firing position (one or two hand hold). When the
target comes on I want you to aim at the center of mass, the middle
of the target, and fire, You will get three shots, There is no limit
on the amount of time you have to fire the three shots, Try to hit
the target in the middle every time. 1 will tell you how well you shot
after the trial is over, Rcady? (target on),"

2. Rapid Firc

"This time the target will be on for only six seconds. During
that time I want you to aim at the center of mass, the middle of the
target, and fire three times., Try to hit the targetl in the middle all
three times. 1 will tell you how well you shot after the trial is over,
Get into firing position (one or two hand hold). Recady? (target on),"




e
<

APPENDIX 8

Instructione toc Subjects for Test Seasions

"During your training session you shot at a stationary target
and this target was always the same size., You are now ready to be-
gin the main part of the experiment.

"F'rom now on you will be firing at different size targets that
might appear at any point on the screon, and may or may not be
moving, and will disappear after certain periods of time. If you
should sce a light bar anywhere on the screen you will know that when=
ever and wherever the target appears it will be moving toward the
light bar, and when the target rcaches the light bar both the target
and light bar will disappear, In these cases the light bar and the
target appear at exactly the same time., If no light bar appears on
the screcn, the target will not be moving.

"Before each trial we will check your firing position to see if
you are still in the groove, just as we did during the training session.
However, to refresh your memory the procedurec is as follows:

« When you are told to do so -- you will step up to the shooting
table and pick up the test pistol.

« You will be told which shooting position to assume -- either
one hand or two hands,

+ Next you assume the proper shooting stance, holding the
pistol in the ready position.

. As you assume the shooting stance the experimenter will re-
mind you of the important features of the correct shooting
stance,

+ When the experimenter requests it -~ you are to raise the
pistol to the firing position and hold that position while he
checks to see that you are in the groove (muzzle calibration),

« When the experimenter indicates that your positionis correct
you may lower the pistol to the 'ready' position -« pointing it
at the reference spot on the lower ceanter of the screen,




"When you have done this and are ready to start you may say
3 'ready', and the iarget will be activated., When the target appears,
oy you should, while using your sights, aim as quickly as possible at \
the center of mass of the target. You should then try to hold your :
aim as steady as you can on that point in the targct and fire to ob- '
tain as many hits as possible as long as the target ic visihle,

"Remember, you are to hit the target as guxcklz and as often
as possible until it dinppear-.

"Do you have any questions about the procedure oxr what you :
are expected to do? " :
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APPENDIX 9

Experimenters' Procedural Checklists

This Appendix contains sample copies of the procedural check-
lists uzed by the two experimenters (E; and E3). The first experi-
menter (E)) sat at the experimenters control desk and operated the
equipment, E, controlled the subject and supported E; by perform-
ing trial identification and certain manual functions such as setting
up the bar light projectors.

At the top of Procedural Checklist Fj, the subject is identified
by name and letter code as is the session number, Session 6 here
means that this sheet ia for the sixth out of sixteen sets of test trials
the subject is to perform, The next line indicates that weapon con-
figuration number 7 with the one hand hold will be used during this
session. The columns from left to right beginning with Target Start
Position indicate the sequence of the tasks he must perform to proper-
ly set up the equipment. The alpha numerics indicate the proper
control settings for a trial, Handwritten check marks are placed in
the blank cells by E; as he accomplishes each task and before he
procedes to the next taske 7The Target Condition code uniquely speci-
fies a target condition by range, movement, direction of movement
and exposure time. The Trial Number column simply indicates the
sequential order of presentation of the various target conditions.

The E, checklist is used in much the same manner as the E
checklist. The top line shows that the subject is to use the one hand
hold. The next line indicates how to identify on film the subject and
session number, The Trial Label column indicates how to identify
on film the subject and session number, The Trial Label column
indicates how to identify each successive trial, The blank columns
are for handwritten check marks indicating that a task was completed,
The dashes in the light bar setting column indicate that no bar light
is required for that trial. The Turntable Setting indicates where the
slide projector should be pointing at the start of the trial, For this
task E; checks to see that E) has properly positioned the turntable
for the trial and corrects any errors made by E;. The far rigkt
column is for the muzzle calibration check which E, performs just
prior to the start of the trial.
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APPENDIX 10
Pretrial Instructions for Assuming Proper Shooting Position

On every test trial as the subjcct steps up to the shooting table
the experimenter (E3) verbally reviews the essential fcatures of
the proper shooting stance. To accomplish this instruction, a standard
line of ''patter’" evolved for each shooting stance. These lines of
'"patter'' arc given below.

One Hand Stance: .
"Feet in Position -- (Pause ) -«
. Arm Straight -- (Pause) --
. Bring it up - Please (Raise Weapon to Firing Position)
Note: Ez Performs Muzzle Calibration Check
. Take It Down -~ Indicate When You Are Ready. "

Two Hand Stance:

"Feet in Position -- (Pause) ~-
Knees Flexcd -- (Pause) -~
Elbows Locked -- (Pause) =~
Palm of the (Right/Left) Hand -- (Pause) -«
Note: Subjects were instructed to support their shootirg
hand in the palm of the other hand
. Bring It Up - Plcase (Raise Weapon to Firing Position)
Note: Ej Performs Muxzle Calibration Check
. Take it Down -- Indicate When You Are Ready. "

» e 8
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APPENDIX 11

Marking/Scoring Rules for Digitizer

Lightspots

All lightspots whether they be dots or traces should be marked
(digitized) in the apparent center of the dot or trace,

Hit or Mias

A shot is a hit if the apparent center of the dot or trace is in
the target or touches any part of the target outline,

Shot Pulsus (Cannonball

When shot pulses appear on two frames in succession - use the
first frame to mark (digitize) the shot - regardless of how dim
the shot pulae appears.

No Visible Dot or Trace
a, Before First Shot

If while digitizing the pre-first-sghot frames, you lore the
dot/trace for a frame or two, proceed to the next frame
where it is visible, However, if you lose more than two
frames in succession, you probably weren't tracking the
right dot/trace. In this case, DELETE all preceding '"P"
lines on the TWX printer and begin a new set of pre-shot
lines when you find a dot/trace of which you are sure,

b. After I'irst Shot

If on a time frame or a shot frame, the dot or trace is not
visible, procced to the next frame and digitize the dot/trace
location, However, if a time frame is involved, maintain
the original every fourth frame scheme, If for some reason
you cannot find the dot/trace on the succecding frame (i, e.
for two successive frames), go back to the frame just pre-
ceding the data frame of interest and digitize that dot/trace.
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